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1 . 0  SUMMARY 

In 1976, O r b i t  Gas Company, Owensboro, Kentucky, d r i l l e d  a well l oca t ed  
i n  the East  Crofton F ie ld  of Chr i s t i an  County, Kentucky. The well was 
d r i l l e d  t o  a depth o f  2592 f t .  

2178 f t .  t o  2327 f t .  O f  the o r i g i n a l  149 f t .  of  co re ,  128 f t .  was 
recovered. 
samples of the core  f o r  a n a l y s i s .  
suite of logs :  Spontaneous P o t e n t i a l ,  Simultaneous Compensated Neutron - 
Formation Densi ty ,  Microlaterolog - Microlog, Bore Hole Compensated Sonic 
Log, and a dual Induction-Laterolog. 
the cas ing  was set a t  2360 f t .  

The i n t e r v a l  between 2186 f t .  and 2320 ft. (134 f t . )  was s e l e c t e d  f o r  
stimulation w i t h  foam. The zone was sho t  w i t h  ten,  0.48" holes and broken 
down w i t h  ac id .  
o r  a f t e r  the a c i d  t rea tment .  

A f o u r  inch diameter  o r i en ted  Devonian Shale  core  was obtained from 

B a t t e l l e  Research Labora tor ies  and Mound F a c i l i t y  received 
Schlumberger Well Serv ices  ran the fol lowing 

Following the logging of  the hole  

No measurable gas was observed during the swabbing opera t ion  

On November 4 ,  1976, foam f r a c  of  the New Albany Shale  was performed 
by Hal l ibur ton  Serv ices  w i t h  the a s s i s t a n c e  of  Aircowell ' s  Nitrogen 'Gas Service 
A t o t a l  o f  45,000 ga l lons  of  78 q u a l i t y  foam ca r ry ing  54,000 lbs. of f r a c  
sand was used i n  the treatment .  
and the average i n j e c t i o n  r a t e  of the f r a c  f l u i d  was 5.6 b a r r e l s  per minute. 

The f i n a l  open flow o f  gas  from the well , a f t e r  the foam t rea tment ,  was 
e s t a b l i s h e d  a t  2 MCF per day. 
s h u t - i n  per iod was 836.6 p s i g .  

After consu l t a t ion  w i t h  DOE personnel , i t  was decided t o  r e s t i m u l a t e  
the black shale. The i n t e r v a l  between 2187 t o  2331 f t .  was sho t  w i t h  280 
q u a r t s  of o i l  well explos ive  ( N i t r o ) .  One hour a f t e r  the s h o t ,  flow from the 
well was gauged a t  40 MCF per day. The well's f i n a l  open flow was c a l c u l a t e d  
t o  be approximately 15 MCF per day. 

product ion.  

Formation breakdown pressure was 1,800 p s i  

Well head pressure  b u i l d - u p  a f t e r  a 115 day 

The well has been plugged and abandoned because o f  non-commercial gas  

1 
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2.0 WELL SITING 

Orbit Gas well, Ray Clark f l ,  i s  located i n  Christian County, Kentucky 
(Figure 2 . 1 ) .  
37O 2'  3". The d r i l l  s i t e  i s  located 607 f t .  south o f  the Kentucky highway 
800, 90 f t .  from the east  l ine and 650 f t .  from the n o r t h  l ine o f  Carter 
Section 1 2  (Figure 2 . 3 ) .  
c r i t e r i a :  

The approximate co-ordinates of the well are 87O 25' 5" and 

The selection of the s i t e  was based on the following 

Favorable Geologic set t ing.  
0 Proximity t o  known Devonian shale products. 

Proximity t o  pipeline for  marketing of the gas. 
0 Favorable leasing position for  the contractor i n  this t e s t  area. 
The well i s  located along the south side of the Massive Pennyrile Fault 

system of Western Kentucky (see Figures 2.2 and 2.3). This location i s  
considered favorable because of the structure and natural fracturing 
associated w i t h  fault ing in the area. 
Vienna Limestone, which outcrops in the area i s  outlined in the map (Figure 2 . 2 ) .  

shale i n  the I l l ino is  Basin) o f  Upper Devonian age i s  sequentially overlain 
by the New Providence shale and the For t  Payne Formation both of the lower 
Mississippian age. The systemic boundary i s  placed a t  the contact between 
the New Providence shale and the New Albany Formation. A thin interval of 

limestone, the Rockford Limestone, occurs a t  the base of  the New Providence 
shale i . e . ,  immediately overlying the New Albany shale. 

Within the t e s t  area one well (King Badget f l )  was previously dr i l led .  
Devonian shale was encountered between 2,091 f . t o  2,273 f t . ,  or a thickness 
o f  182 f t .  
section was gas-bearing. 
was treated with explosive stimulation and gas  flow a f t e r  s tabi l izat ion was 
measured a t  71 MCF/D. 

The structure on the base of the 

In western Kengucky, the New Albany Formation (the name o f  the Devonian Black 

The temperature l o g  indicated t h a t  the bottom 75 f t .  of th i s  
No measurable open f ow was indicated. The well 

2 
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3.0 DRILLING/CORING, LOGGING, CASIPlG AND CEMENTING OPERATIONS 

D r i l l i n g  and Coring Operations 

On September 8, 1976, Cresent D r i l l i n g  Company s t a r t e d  the d r i l l i n g  
ope ra t ions  o f  well Ray Clark $1 f o r  O r b i t  Gas Co. Twenty-five ft. of 
surface ho le  was d r i l l e d  and cased w i t h  an 8 5/8-inch sur face  casing.  
The s u r f a c e  cas ing  was set  w i t h  the bottom o f  the cas ing  loca ted  a t  
the base of the Vienna lime. F l u i d  c i r c u l a t i o n  was l o s t  while d r i l l i n g  
the r a t  hole and cement was s p o t t e d  a t  the same time the su r face  cas ing  
was set. 

~ 

Fif ty  sacks o f  cement and 100 pounds o f  cslcium ch lo r ide  was used 
f o r  b o t h  j obs .  
Well Cementing Company a f  Owensboro, Kentucky. 

s u r f a c e  cas ing  on September 10 ,  1976. A t  952 f t .  a d r i l l  stem test  was 
run .  
u n t i l  September 12 ,  7975 when the core  po in t  o f  2,178 f t .  was reached. 
core  p o i n t  was determined by an examination o f  dri l l  c u t t i n g s .  

The cementing ope ra t ions  were performed by General O i l  

After wa i t ing  on cement, Cresent commenced d r i l l i n g  ou t  under the 

After the d r i l l  stem test  was completed, d r i l l i n g  continued s t e a d i l y  
T h e  

The  nominal diameter o f  the hole  upon reaching core  po in t  was 7 7/8 in .  
S ince  the o u t s i d e  diameter  o f  the core  b i t  was 7 27/32 i n . ,  i t  was assumed 
tha t  no reaming o f  the hsle would be necessary p r i o r  t o  cor ing.  
was cored by Chr is t iansen  Diamond Tool Company. 
4-in. core  between 2,178 f t .  t o  2327 f t .  was ex t r ac t ed  t ak ing  88 hours of r i g  
time. The core  i t s e l f  was inspected, measured and marked f o r  i d e n t i f i c a t i o n ,  
boxed and taken from the well s i te  by r ep resen ta t ives  o f  the I l l i n o i s  
Geological Survey f o r  further s tudy  and ana lys i s .  A r ep resen ta t ive  of 
Battell e Research Labora tor ies  c o l l e c t e d  sample s e c t i o n s ,  which  were s e a l e d  
f o r  further l abora to ry  tests. Results obta ined  from B a t t e l l  e Research 
Labora tor ies ,  I l l i n o i s  Geological Survey, and Mound Labs a r e  given i n  
Appendices B ,  C ,  D. 
the well d r i l l e d  t o  a t o t a l  d e p t h  of 2,592 f t .  

The well 
A t o t a l  o f  149 ft. of 

Following the cor ing  opera t ion  the d r i l l i n g  was resumed and 

Loaging Operat ions 

After reaching t o t a l  d e p t h ,  the d r i l l e r  c i r c u l a t e d  mud t o  c lean up  
the hole  f o r  the logging opera t ion .  Logging, w h i c h  was performed by 

6 
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Schl umberger We1 1 Servi ces, commenced on September 2 2 ,  1976 and continued 
u n t i l  September 23, 1976. The s u i t e  o f  logs r u n  were as follows: 

1 .  Gamma Ray 
2.  Formation Density Compensated 
3. Caliper 
4. Dual Induction- Laterol og 

5. Micro Laterolog 
6. Compensated Neutron 
7. Sonic 
8. Spontaneous Potential 

Two logs, temperature and s ib i la t ion ,  which were planned b u t  could not be 
r u n  because the borehole was f i l l e d  w i t h  d r i l l i n g  mud. 
f o r  computer processing and a Coriband analysis was made. 
a t  selected depths are included i n  Appendix F. 
Depth cored is  presented i n  Appendix E. 

A l l  logs were taped 
Copies of the logs 

T h e  Kerogen Analysis for  the 

Casing 

Following the logging of the hole, a production s t r ing of 4%" O.D. 5-55 
casing was r u n  and cemented i n  the hole w i t h  875 sacks of 50-50 Pozmix cement 
and 18% s a l t .  
Cementing was done by Halliburton, and the plug pumped to  the bottom t o  leave 
the casing free of cement. A schematic well diagram i s  shown i n  Figure 3.1. 

The casing was s e t  a t  2,360 f t .  w i t h  a formation packer. 

... 

7 



SAX 
July 1979 

s i p hon in,tliam8tar.-, 

I 
Surface Casing 8% in . ,  

25 ft. with 25 Sacks 
of Cement 

' i  
/ I  "L / 

/ 
/ 

Perforatad interval, 10 

Holes, 0.48in.Diamat er 

I 

Formation Packer + 

2 
\\ 
\ 

Surface Level 

60ft. Well Casing 4% in. with 

\ I 575 Sacks of -Cement 

Set at 2360 ft. ( I  

\ 4- 
Nominal Size of Well 

bore 7% i n .  

Final Depth 2592 f t ,  
\ 
a 

Figure 3.1 R a y  Clark \ F J d l  $ 1 

8 



-J-\ __..- Ad'-. 
SAI 
J u l y  1979 

4.0 CORE DATA AND DESCRIPTION 

I _- 

Generalized Descr ipt ion of  Core 

The  t o p  o f  the New Albany Shale  was encountered a t  2175 f t . ;  the base,  

The New Albany Shale  i s  predominantly brownish black,  t h i c k l y  laminated 
a t  2321 f t .  T h u s ,  the thickness o f  the s h a l e  i s  146 ft .  

pyr i t i c  shale. 
spo re  c a s i n g s ) ,  i n  i r r e g u l a r  concre t ionary  masses, and a s  discrete laminae. 
T h i n  beds and laminae o f  dark co lored  s i l t y  s h a l e  and s i l t s t o n e  occur  
s p a r s e l y  and i r r e g u l a r l y  throughout the section, commonly i n  groupings of 
two, three o r  more. 
dolomite o r  sandy dolomite a r e  more numerous, e s p e c i a l l y  towards the base.  
L i tho log ic  f e a t u r e s  of the New Albany Shale  t h a t  dppear t o  be r e s t r i c t e d  
w i t h i n  the s e c t i o n  a r e  the fol lowing (from t o p  t o  bottom): 

(1 )  Phosphatic nodules:  one observed w i t h i n  three feet  of the top.  
( 2 )  T h i n  beds of o l i v e  gray sha le :  r e s t r i c t e d  t o  a 30 f t .  i n t e r v a l  

i n  the middle o f  the formation. 
(3 )  Calcareous ( a c i d  r e a c t i v e )  brownish b lack ,  t h i n l y  laminated s h a l e  

conta in ing  scattered t h i n  beds o f  l i g h t  colored l imes tone  and 
sandy 1 imestone: basal 19 feet, ( t h e  contac t  between a c i d  r e a c t i v e  
s h a l e  and non-acid reactive s h a l e  i s  very sharp, though no c o l o r  
d i f f e rence  could be de tec t ed  between the two types .  T h i s  is  a 
p o t e n t i a l l y  s i g n i f i c a n t  observat ion t h a t  may have a bear ing  on 
gas product ion) .  

Natural f r a c t u r e s  were s t r i k i n g l y  absent  from most o f  the core.  

Pyrite occurs  a s  disseminated g ra ins  (probably rep lac ing  

Thin beds and laminae o f  l i g h t  colored py r i t i c  

Unfil led 
v e r t i c a l  f r a c t u r e s ,  however, were observed w i t h i n  an i n t e r v a l  of 23 ft. 
between 43 ft. and 20 f t .  above the base of  the New Albany sha le .  These 
f r a c t u r e s  were no t  numerous. 

carbon odor. The underlying Helderburg Limestone, however, exhib i ted  a 
s t r o n g  and very persistent hydrocarbon odor. Core samples were sh ipped  t o  
var ious  o rgan iza t ions  such a s  B a t t e l l e  Research Labora tor ies ,  I11 i n o i s  
Geological Survey, and Mound Labs f o r  ana lys i s .  The physical and chemical 
a n a l y s i s  determined by these con t rac to r s  a r e  given i n  Appendices B, C ,  and D. 

A summary of r e s e r v o i r  da ta  generated through core a n a l y s i s  i s  presented i n  
Table  4.1. 

The ent i re  New Albany Shale s e c t i o n  was conspicuously l ack ing  i n  hydro- 

9 



- table 4.1 Summary Ot Reservoir Parjrneters a t  Various Depths 

I 

Core 
Length 

** 
Kerogen 
Ana 1 ys  i s 

( % I  

* 
Sample 
Depth 

For Core 
Anal ys i s 

f t .  

** 
Water' 

Saturation 
(%I  

70 -I 
1.58 

2.6 4 

L L  

Gas Re1 eased/ 

Shale a t  Each 

Unit 
Volume of 

Depth 
( cu . f t . /  

cu. f t . / f t . )  

0.70 /2183 

0.73 / 2171 

0.45 / 2200 

. .  

0.257 2 230 

0.89/ 3.237 

0.13 / 2251 

1.03 / 27.59 
. .  . .  

0.30/ 2271 

1.24 / 2201 

0.51 /2290 

0.46/2300 

0.38 2310 

O.lS/2313 

0 2.2 

65.4 . 

40.6 - .* 

Perme- 
a b i l i t y  

(md 1 

0 .  v 
5.3~10% 

5.1 3. 

5.3.8 

3.14 

3-63 

o v  

7 . 1 ~ 1 0 - ~ ~  

o v  

o v  

* 30.4 
30.G. . 

. 63.0 

, . 6 7.0 

TOTAL POROSITY *I 

- 7.70 
3.4 4 

* 
Core/Depth 
Measurement 

(%/ f t . ) 

Z.OSI2193 

1.40/3.191 

1.12/2200 

1.4 6 12 2 30 

1.57/2239 

- 1.71/2 2 51 

--_ -50 / 2  3.53 

5.2 1 /2 3.7 1 

.84/2281 

.4 412 2 9 0 

.43/2 30 0 

z.15/2 3 10 

3.1 0/2 3 1 Y 

- 

91 -6 

64.0 

2.0 4 

2.2 0 

2.56 

1.90 

1.90 

-1.62 

1.74 

1.70 

2.86 

2.94 

100.0 

34 .0  

74.0 

l o o k  
100.0 

78.6 

6 9 . 4  

94.2 

7 5 . 2  

4 7-4 

I 

* From Bat te l le  Labs 
** Kerogen analysis/Schlumberger Well Services ( a v g .  of 5 ft. in te rva l )  

----> Perforation Depths, f t .  
V Direction o f  Flow Relative t o  Bedding Planes (Vert ical)  
H Direction o f  Flow Relative t o  Bedding Planes (Horizontal) 

3.52 

10 

2 5 . 0  

3.72 

4 . 6 s  

3 . 0 5  

4.54 

31-6 

2 0.4 

35 9 

2 8.3 

4. 8 2  

3.18 

0.00 

3 7.4 

5 0.6 

100.0 
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5.0 STIMULATIO!4 r3PERATIOHS 

Perforation 

The casing was swabbed and found t o  be c l ea r  of cement t o  a depth of 
2,352 f t .  
A Gamma ray-Neutron log was then r u n  i n  the empty hole t o  properly loca te  
the perforations.  
present, using a hollow s t ee l  c a r r i e r  gun w i t h  80 gram j e t  shots of 0.48 
inch diameter w i t h  a ra ted penetration depth o f  7.7 inches (Berea Sandstone 

T h i s  point was 28 f t .  below the base of the Flew Albany Shale. 

The perforations were made in the open hole, with no f l u i d  

Standard). The  location of the perforations was one shot each a t  -depths 
of 2,186', 2,198', 2,248', 2,270', 2,280', 2,290', 2,300', 2,310', 2,315', 
and 2,320'. The  Gamma ray-Neutron log and perforation operations were 
performed by Birdwell. 
a f t e r  the perforations were completed b u t  the flow was insuf f ic ien t  t o  
measure. 

A s l i g h t  amount of gas was noted i n  the well casing 

Acidization of Perforations Prior t o  Foam Frac 

The  acid treatment pr ior  t o  foam fractur ing consisted of pumping 500 
gallons of 10% mud clean-out acid mfxed w i t h  one gallong of i nh ib i to r  and 
three gallons of "cla-sta" i n t o  the well followed by 38 barrels of  water. 
The job was performed on November 4 ,  1976. A breakdown pressure of 
1,250 psig was r e q u i r e d  a t  the surface t o  s t a r t  inject ion of acid,  and 
a pumping time of 15 minutes was required f o r  the injection. 
injection pressure was 900 p s i g .  No gas was observed i n  the well bore 
during the swabbing operation a f t e r  the  acid treatment. 

Average 

Foam-Frac o f  tne N e w  Albany Shal e 

On November 5, 1976 the well was foam-fraced i n  the New Albany shale.  
The  f r ac  consisted of the high pressure inject ion of 45,000 gallons of 
78 qual i ty  foam carrying a to t a l  o f  54,000 pounds o f  f r ac  sand w i t h  
additives t o  reduce formation swelling. Two grades of sand were used. 
An i n i t i a l  3,000 pounds of f ine 100 mesh sand was used as a pre-pad t o  
leak-off in to  natural fractures.  This was immediately followed by 51,000 
pounds of the coarser 20/40 mesh sand t o  provide the permeabil i t y  required 
far  flow of gas from the fractured formation. The  foam used as  a carrying 

11 
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agent  for the sand consisted o f  a t o t a l  of  88 gallons o f  Halliburton's 
HC-2 detergent, 712,500 cubic feet o f  nitrogen and 300 barrels of water. 
Additives mixed w i t h  the injected foam and sand were 7 gallons of "cfa-sta" 
and  s i x  sacks of calcium chloride. Surface breakdown pressure was 1,eoo 
ps ig  and the maximum pressure reached during the frac was 2,200 psig. 
average injection rate of frac f l u i d  was 5.6 barrels per minute. 
following the completion o f  the frac a choke was installed on the well 
equipped w i t h  a po rce la in  l i n e d  1/8 inch diameter choke tube and opened 

the we1 1 t o  vent t he  n i t rogen,  excess sand and foam from the we1 1 

bore. 

a 48/64 inch tube was be ing  used. 

w e l l  s t i l l  maintained good v e l o c i t y  w i t h  slugs o f  s l i g h t l y  sand-laden 

foam a t  one t o  t w o  minute i n t e r v a l s .  

d iminished t o  zero psig.  

a f t e r  t he  f rac,  the f l o w  had diminished t o  t h e  p o i n t  where i t  was 

necessary t o  successively shut t he  well i n  f o r  10 minutes -- dur ing 

which t ime the  pressure would b u i l d  t o  approximately 40 ps ig  -- and 

reopen t h e  w e l l  i n  o rder  t o  ob ta in  b r i e f  per iods o f  foam recovery. 

we1 1 was then shut i n  f o r  approximately, 40 hours t o  a l low i t  t o  recover 

enough energy t o  l i f t  the foam t o  the  surface. 

resu l ted  i n  pressure bu i  ldup t o  1,100 ps i  g and ind i ca ted  tha t  a con- 

s ide rab le  amount o f  n i t rogen  remained i n  the w e l l ,  because the formation 

gas pressure should not have exceeded 837 psig.  

and a f t e r  a one and one-hal f  hour  blow through the  48/64 inch choke, t he  

flow diminished t o  the  p o i n t  where the  choke could be removed and the  

w e l l  blawn through a 2-inch blow-down pipe. I n  I8  minutes o f  f l o w  

through the  f u l l  2-inch opening, t h e  we1 1 showed on ly  a 1 i gh t  f low o f  

gas w i t h  l i g h t  s h w e r s  o f  foam a t  frequent i n t e r v a l s  but  no s i g n i f i -  

cant recovery. For a pe r iod  o f  4 add i t i ona l  days, t h e  w e l l  was shut 

i n  f o r  a bu i ld -up  pe r iod  and blown down w i t h  r e s u l t s  as shown 

i n  the  f o l l o w i n g  t a b l e  (Table 5.1) .  

The 
Immediately 

Successively l a r g e r  diameter choke tubes were used u n t i  1 f i n a l l y  

A t  t h i s  time, the  f l o w  from the  

F l w  pressure behind t h e  choke had 

By the af ternoon o f  November 6 ,  some 26 hours 

The 

This shu t - i n  per iod  

Fol lowing t h i s  bu i ldup 

1 2  
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TABLE 5.1 
Flow Back Af te r  St imulat ion 

Date I n i t i a l  P r e s s u r e  Hours Fi n a l  
Blown B l o w n  R e s u l t  f r o m  2" Blown-dcwn P i p e  P r e s s u r e  

1 1  /08/76 1,100 P s i g  2:oo L i g h t  s h o w e r s  of  foam & s a n d  0 

1 1 /09/76 820 I '  2 :oo L i g h t  s h c w e r s  of foam 6 s a n d  0 

1 1 /10/76 480 ' I  2:oo L i g h t  showers of foam E s a n d  0 
1 1 / 1 1  /76 400 2:oo L i g h t  s h o w e r s  of foam & s a n d  0 .  
1 1 /12/76  325 I '  2:oo L i g h t  foam - flw too low t o  l i f t  0 

A s p e c i f i c  g r a v i t y  test of the gas from the well was made on November 12, 
1976 and a gas  g r a v i t y  of 0.806 obtained.  
of an ad jo in ing  well, prev ious ly  completed i n  the New Albany Shale  by shoot ing,  
was made w i t h  a result of 0.596 g r a v i t y .  
t h a t  about  50% of the s t ream from the well was n i t rogen  on November 12. 

A s i m i l a r  t es t  on the same day 

Comparison o f  the tests indica ted  

Because o f  t h e  i n a b i l i t y  of t h e  w e l l  t o  flow enough g a s  t o  l i f t  

s i g n i f i c a n t  amounts  of foam to t h e  s u r f a c e  t h r o u g h  t h e  4 t "  O.D. c a s i n g .  

a g a i n  moved i n  a s m a l l  w o r k - o v e r  r i g  and  i n s t a l l e d  a 1 - i n c h  siphon l i n e  
i n  the well bore on November 20,. 1976. .The siphon was i n s t a l l e d  w i t h  

the bottom per fora ted  n i p p l e  se t  a t  the base of the s h a l e  and 5/64 inch 
j e t  n ipp le s  spaced t o  l i f t  f l u i d  t o  the su r face  w i t h  a m i n i m u m  of 40 ps ig  
well pressure. 
from the well  was commenced on November 22 .  The fol lowing t a b l e  (Table 5.2)  
shows, f o r  each d a y ' s  ope ra t ion ,  t h e  i n i t i a l  s h u t - i n  cas ing  pressure before  
blowing, the amount of time the siphon was open, a summary o f  the '  
result, and we71 head pressure on the casing a t  the end of  the blowing per iod.  

O r b i t  

Use of this siphon t o  c lean  u p  the remainder of  the foam 

13 
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TABLE 5 .2  

Flow Back After Stimulation 

Date 
Blown 

11 / 22/76 
111 23/76 
11/24/76 
11/25/76 
11/26/76 
1112 7/76 
U/28/76 
11 f 29/76 
11/30/76 
12/01/76 
12/02/76 
12/03 f 76 
12/04 / 76 
1210 5/ 76 
12/06/76 
1210 7/76 
12/0 81 76 
12/09/76 
12/10/76 
I2 111176 

- 

3.21 12/76 
12/13/ 76 
12/14/76 
121 15/76 
12/J 6/76 
12; L7/ 76 
12/15/76 

' 12/19/76 
b 12/19/76 

In i t ia l  
Pressure 

250 P s i g  
192 'I 

185 I' 

170 " 

190 '? 

150 
160 " 

Not blown- 
245 P s i g  
175 " 

145 " 

170 '' 
135 
165 '* 
175 . "  
160 " 

13s '' 
150 I' 

160 'I 

IS0 IS 

145 Psig 
145 
155 '' 
148. " 

150 It 

15s I' 

145 " 

150 *' 

Hours 
Blam 

2soo 
1: 00 
2:oo 
2:oo 
2:oo 
2:oo 
2:oo 

2:oo 
2:oo 
I: 30 
2:oo 
2:oo 
1:30 
2:oo 
4:OO 
2:oo 
2:oo 
2:oo 
2:20 

- 

2:15 
2:oo 
2:oo 
2:oo 
2: 00 
2:oo 
2:oo 
2:oo 

Result fmm 1" Siphon 

Ful l  stream for 20 nfin. then mist. 
Heavy mist 10 min- then m i s t -  
Heavy mist 7 inin. dien gas only. 
Heavy m i s t  5 min. then gas only- 
Heavy mist S min. then + only. 
Heavy mist 5 min. dien ?as only. 
Heavy mist S fin- then gas only. 

Heavy mist* S pin- then gas only. 
Heavy mist* 5 m i n -  then gas only. 
Heavy mist  7 min, then gas only. 
Heavy mist 5 min. then gas only. 
Heav- mi-st 10 m i n -  then gas onl;.. 
Heavy mist** 10 m h  then gas c:!l.y. 
Heavy mist** 8 min- then gas on;.y- 
Heavy fist** 5 min- then gas oi?'i>r. 
Light mist 10 min- then gas only- 
Heavy mist 7 min- then gas only- 
Heavy m i s t  8 min- then 82:; only. 
Heavy mist** 10 min- then zas on'y- 

. 

Iieavjr m i s t  10 min- then g;?: only- 
Li'ght mist S min. then g i s  mly. 
Light mist 10 m i n -  then _:ns only. 
Heavy mist 10 min- then gxs only- 
Heavy mist 8 min. then gas only. 
I!eavy mist  10 min- then g a  only. 
l!eavy mist 10 min. then gas 
Heavy pist 10 min-  then gas only- 

shut well in i5r pressure test, 

** Trace of foam. 
* Blew a slug 0: fbam when pressure reached 3% Ps ig -  

14 

FLi a 
P ; ~ s s  ure 

23 Psig 
35 1 8  

0 
0 

. o  
0 
0 

15 P s i g  
0 -  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

c. 
0 
0 

1 " 
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As i nd ica ted  by the data i n  the above tab le,  the flow from the 1 inch 

siphon was very l o w  a f t e r  the i n i t i a l  5 t o  10 minutes o f  blow. The w e l l ,  

du r ing  the 22 hour shu t - i n  i n t e r v a l  f o l l ow ing  each blow, would no t  b u i l d  

the  casing pressure above 150 ps ig  f o r  the l a s t  two days. Calculated casing 

volume a t  150 p s i g  i s  approximately 2 MCF which, i f  used as a base for 

the est imate,  would i n d i c a t e  an open f l ow  volume for the w e l l  a t  t h i s  t ime 

of 2 MCF per  day. 

the  cleanup per iod  ind ica ted  t h a t  p r a c t i c a l l y  a l l  o f  the n i t rogen  used i n  

the  f r a c  j o b  had been removed from the  w e l l .  

A s p e c i f i c  g r a v i t y  t e s t  made from the w e l l  head fo l l ow ing  

Because of the extremely low produc t ive  volume of the w e l l ,  a long slow 

bu i l dup  i n  the w e l l  head pressure was experienced. On A p r i l  13, 1977, 
a f t e r  a 115-day shu t - i n  per iod,  the w e l l  head pressure was considered 

t o  be s t a b i l i z e d  and a dead-weight pressure t e s t  made. The r e s u l t  o f  

t h i s  t e s t  was 836.8 ps ig .  A dead weight pressure t e s t  on O r b i t ' s  ad jo in ing  

shale gas w e l l  (approximately one m i l e  east )  made the same day w i t h  the same 

equipment, showed a pressure of 840.6 ps ig .  Both w e l l s  were considered t o  

be a t  a s t a b i l i z e d  cond i t i on  a t  the time of the tes ts .  The leve l  of pressure 

obta ined from these t e s t s  i s  considered t o  be approximately equal t o  the 

h y d r o s t a t i c  pressure for t h e i r  depth when re la ted  to the surface water t a b l e  

i n  the area. The pressure as experienced i s  not  an abnormal pressure and 

conforms t o  pressure l eve l s  usual l y  experienced i n  var ious sand rese rvo i r  

formations i n  the  Western Kentucky area. 

On April 15, 1977, and a f t e r  prior discussions w i t h  Mr. Yost o f  DOE, i t  was 
decided to  re-stimulate the well using conventional bore-hole shooting. Orbit 
moved a work-over r ig  in over the t e s t  well, pulled the siphon l ine ,  removed 
the well head, and s e t  280 quarts of oil-well explosive (n i t ro)  opposite the 
black shale section from 2,187 f t .  t o  2,331 f t .  No tamping was used. The shot 
went off a t  1:30 p.m. w i t h  normal reaction a t  the surface. Flow from t he  well 
a f t e r  the shot immediately began t o  s e t t l e  down, and a f t e r  one hour was gauged 
a t  40 MCF per day ra te .  
t i o n  gained by O r b i t  i n  i t s  other shale tes t  i n  the area indicates that the 
t e s t  well would have an estimated open flow af te r  the shot o f  15 MCF per 24 hours. 

w e l l  shu t - i n  f o r  f i v e  days. Shut- in pressure a t  t h i s  time ( A p r i l  20, 1977) 
had b u i l d  up t o  625 ps ig ,  and the w e l l  was blown through a 2-inch wellhead 

va lve  for the purpose of determining i f  any f l u i d  had accumulated i n  the hole.  

Experience w i t h  flow decline over long-term stabi l iza-  

Fol lowing the shot and f low t e s t ,  the w e l l  head was replaced and the 

15 
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NO s i g n  o f  f l u i d  was noted i n  the  gas stream d u r i n g  t h i s  blow down and, 

a l t hough  n o t  gauged, the  w e l l  d i d  n o t  i n d i c a t e  any improvement i n  f l o w  

volume a f t e r  be ing  blown down. 

f i r s t  i n t e r v a l  i s  shown i n  Tables 5.3 and 5.4. Similarly, Table 5 .5  presents 
a sumnary o f  the second treatment. 

Treatment and p re - t rea tmen t  da ta  fo r  the 

16 
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TABLE 5.3 

Pretreatment Data For The Interval Perforated 

P re  t reat  men t Data 

Well Number 

County, S ta te  

I n te rva l  Number/Treatment N u d e  

Perforated I n t e r v a l  

Treat men t Date 

10% Mud Clean-out Acid (Gal lons 

I n h i b i t o r  (Gallons) 

"CLA-STA" (Gal 1 ons) 

Water (Barre ls)  

Average I n j e c t i o n  Pressure (PSIG) 

Pumping Time f o r  I n j e c t i o n  (minutes) 

17 

Ray C l a r k  #1 

Chr is t ian ,  KY 

1 / I  
2186' - 2320' 

November 4, 1976 

500 

1 

3 
38 
900 

15 
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TABLE 5.4 

Summary o f  t h e  Foam Fracture Treatment 

Treatment Parameter 

Glell Number 

County, S t a t e  

Interval Number/Treatment Number 

Perforated Interval  ( f t .  ) 

Treatment Date 

Treatment Type 

Treatment S ize  (Gal 1 ons) 

Treatment Vol ume (Pounds! 

Fine 100 Mesh Sand (pounds) 

Coarser 20/40 Mesh Sand (pounds) 

HC-2 Detergent (ga l lons)  

N i  trogen (cubi c feet) 

Water ( b a r r e l s )  

"CLA-STA" (gal 1 ons) 

Calcium Chlori de (sacks)  

Average Pumping Rate (BPM) 

Breakdown Pressure (PSIG) 

Calculated Open Flow After 
Treatment 

' Actual 

Ray Clark #1 

Chr is t ian ,  KY 

1 /1 

2186' t o  2320' 

November 5,  1976 

Foam Frac 

45,000 

54 , 000 

3,000 

51,000 

88 

712,500 

300 

7 

6 

5.6 

1800 

2MCFD 

18 
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TABLE 5.5 

Data on Second Treatment 

Treatment Parameter 

Well Number 

County, State 

Interval Number/Treatment Number 

Treated Interval 

Treatment Date 

Nitro (quarts) 

Calculated Open Flow After Shot 

Actual 

Ray Clark #l 

Christian, KY 

1 /2 

2187' to 2331' 

April 15, 1977 

280 

15 Mcf per 24 hrs. 

19 



6.0 PRODUCTION TESTS 

All d a t a  indicated t h a t  the well should b 

I PRODUCTION 

plugged and 
t o  the noncommercial gas flow volumes; however, arrangements 

+ 

bandoned due 
were made f o r  

a temporary gathering system t o  transport the gas for  a period of six (6) 
months i n  order t o  o b t a i n  production information. 

Specific gravity was measured and a calorimeter t e s t  for  BTU Content was 
performed. 

On June 28, 1977, both the offset  and t e s t  wells were pressure tested. 

The resul ts  were as follows: 

Augus t  1-8 
August 9-15 
August  16-22 

King Badget #1 
(off -se t we1 1 ) 

Ray Clark #1 
( tes t  we1 1 

I C1 ark  we1 1 Ki ng-Badget 
We1 1 

202 838 
126 546 
106 491 

Dead weight  pressure 839.1 PSIG 
Specific Gravity 0.602 
BTU 930 

834.9 PSTG 
0.622 

893 

Both wells were considered t o  be a t  a stabil ized condition a t  the time of 
the tests. 
l ine  pressure o f  approximately 200 psi. Pressure on the gathering system 
was held back u n t i l  s tabi l izat ion occurred and the wells could produce a t  
the l ine pressure. The pressure o f  b o t h  wells dropped to  the 200 psi l ine  
pressure by August 5 ,  1977. 

On August 1 ,  1977 the wells were p u t  i n t o  production against a 

The following production has been received: 

1 PERIOD I (Mcf 's  @ 15.025 Pressure Base) 4 

20 



Production continued t o  dec l ine  gradual ly  from both wel l s  a s  ind ica ted .  
After A u g u s t  5,  1977 the pressure a t  which bo th  wells were being produced was 
from 195 t o  200 psi and continued through th i s  d a t e .  On A u g u s t  17,  1977 a 
sample taken from the common stream of gas from both wel l s  was t e s t e d  on a 
ca lo r ime te r  and ind ica ted  940.0 BTU's and 0.601 s p e c i f i c  g rav i ty .  

Status o f  the Well 

The well was shu t - in ,  and l a t e r  plugged and abandoned because of  non- 
commercial gas production. 

21 



7.0 SUMMARY OF RESULTS AND CONCLUSIONS 

1 .  The well was cored from 2178' t o  2327' and a t o t a l  of  128 fee t  of co re  
was recovered. Analysis o f  the core  suggested: 

e 

0 

Average o f fgas  value i n  the cored interval was 0.56 cu. ft./ 
cu. f t .  
Poros i ty  as  determined by the Kerogen Analysis was h i g h e r  than 
c o r e  po ros i ty .  

No permeabi l i ty  measurements were taken on the co res .  

were low ( 2  MCF per day) and no increase i n  open flow was obtained 
af ter  s t imu la t ion  w i t h  foam f r a c t u r i n g .  A probable reason f o r  f a i l u r e  
a s  suggested by the c o n t r a c t o r ,  was t h a t  the formation had extensive 
natural f r a c t u r e s  i n  the a r e a ,  and the foam-frac fol lowed the l ines of 
l e a s t  r e s i s t a n c e  i n  this na tura l  f r a c t u r e  system. 
The well was re s t imu la t ed  using 280 q u a r t s  o f  oi l -wel l  explos ive  
( n i t r o )  between 2187' t o  2331' .  
ments were obtained (from 2 MCFD t o  15 MCFD). 
Gas production from the well was considered non-economical and the well 
was l a t e r  plugged and abandoned. 

2. The well  was s t imu la t ed  between 2186' t o  2320'. I n i t i a l  open flows 

3.  
Marginal increases i n  open flow measure- 

4. 

22 
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APPENDIX A 

Distribution of  Core Material  

TABLES AND FIGURES IN THE APPENDICES ARE NUMBERED AS 
PRESENTED I N  VARIOUS REPORTS WHICH INCLUDE MONTHLY) QUARTERLY) 
ANNUAL) AND S P E C I A L  REPORTS OF EGSP CONTRACTORS 
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DISTRIBUTIOII OF CORE F \ A T E R I A L  

Core Date 10/4/76 

Core Length 2178' t o  2331 I 

I DENTI FI CAT1 ON #'s & RESPECTIVE GEPTHS 

1. Battelle Labs - 
The 1 D #Is are also representative o f  the depths .  

ID #: 2183 
2191 
2220 
2230 
2239 
225 1 

2259 
2271 
2281 
2290 
2 300 
2310 
2319 

2. I1 1 i noi s Geol ogi csl Survey 

ID.:: 01C1 
01 c1 
02L1' 

. 02C-i 
03tl 
03C1 
04C1 
04L1 
05Cl 
05tl 
06C1 
06L1 
07c1 
07L1 
08Cl 
(38L'b 
09c1 
1 Otl 
1 OCI 
l lt l  
l l C 1  
12c1 
12L1 
13L1 
13C1 

3. Mound Labs 

Depth: 2181 - 0  
2182.3 
21 88.6 
2131.2 
2216.7 
2220.3 
2230.2 
2231.1 
2246.1 
2244.1 
2250.0 
2255.4 
2260.3 
2263.7 
2270.3 
2273.5 
2280.0 
2287.8 
2290.8 
2293'. 0 
2299.8 
231 0.5 
2311.1 
2312.7 
2218.8 

ID 1: 0-1-1 DEPTtiS: 2183.71 to 21811.08 
0- 1-3 2261.02 to 2261.50 
0- 1-4 2292.117 to 2202.91 
0-1-5 2317.21 to 2317.64 
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APPENDIX B 

Chemical and Physical Analysis 

by 
Battelle Research Laboratories 
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(chalcedony, white e r c a ) ,  Sample 
01KYO4L1, xoo. 

l4ica f l a k e s  (white streaks ) aligned 
p a r a l l e l  t o  bedding and scattered 
i r r e g u l a r  patches o f . s p a r r y  cs lc i te  
(large white areas). Sample . 
01mo2Ll; x200. 

! 

Y 

- 1  j 
' .  PLATE I1 C 1 

Photomicrographs of t h i n  sect ions i n  plane po la r i zed  

transrnitted l i g h t .  Hew Afbeny Shale, Chr i s t i an  Co., KY, 
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Oric3tct ion 
index + 

O U L  U81-0 2-4 

C2LL 2188.6 2.0 

03u 2216-7 2-2 

C t L l  2231.1 . 2-0 

2244.1 2-0 . 
1.8 0 6 ~ 1  

1.6 2263-7 07L1 

o m 1  

ogc1 

2.7 2270 .. 5 . .  . -  

1-4 

2290 .. 6 1 .? 

1.6 2299 -8 1x1 

2310 5 

2318-8 

*Depth belor- reference level  of 548-0 feet ekwz fGL, 

Xo addlt ionel  clay n i n e r d  orientation rrrslpses are planned for this core- 

. .  
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T h i s  section includes the physical , chemical, and mechanical properties 
of the New Albany Shale i n  I l l i no i s ,  sampled by I l l i no i s  Geological Survey 
from Ray Clark Well 81. 
characterization, by optical and X-ray techniques of the inorganic mineral 
consituents, the dispersed organic mater, and the fabr ic  of the scale. 
Results obtained are discussed briefly i n  the following paragraphs. 

The studies include the quantitative and qual i ta t ive 

Chemical Properties 

V i  trini te Ref1 ectance ----------- 
Coals and dispersed organic par-icles i n  sedimentary rocks are  composed 

of several d i s t inc t  components t h a t  have been termed macerals by coal 
petrographers. 
morphol ogy , chemical composition, ref1 ectance , and f l  uorescence. The  
reflectance of a l l  macerals varies w i t h  the degree of thermal metamorphism 
(or rank) of the enclosing rock, b u t  the correlation w i t h  metamorphism 
i s  best exhibited i n  the reflectance of v i t r i n i t e .  Vitrinite is an abundant 
constituent i n  coal and is  frequently present i n  other types of sedimentary 
rocks as dispersed grains. 
tissues. 
rank, v i t r i n i t e  reflectance analysis has become a standard technique is  
studying rank of coal and i n  evaluating rocks as sources of o i l  and natural 
gas. 

the New Albany Shale, b u t  they are  found i n  v i r tual ly  a l l  samples of the 
bl ack shales. 
shales i n  the New Albany. 

Reflectance analysis of the C h r i s t i a n  County, Kentucky (olKY) cores has 
heen completed. The data are presented i n  tables I1 G 1 and I1 G 2,  and 
graphically shown on Figure I1 G I .  No s ignif icant  variation i n  reflectance 
w i t h  depth was observed i n  e i ther  core. Average reflectance values (Ro) 
range from 0.33 percent (OlKY3C1) t o  0.92 percent (lKY4C1). w i t h  the majority 
fa l l ing  between 0.35 and 0.60 percent Ro. 

and 1KY13C1) have such large standard deviations tha t  they should not be 

Macerals d i f fe r  from one another i n  t h e i r  botanical o r i g i n ,  

I t  is thought t o  be derived from woody plant 
Because the reflectance of v i t r i n i t e  changes w i t h  small changes i n  

Vitrinite par t ic les  are  only a minor component of the organic matter i n  

Few v i  tri n i  t e  par t ic les  were recovered from the gray-green 

Three samples (1KY4C1, lKYl2C1, 
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considered i n  evaluating the overall formation. 
variation i n  reflectance values f o r  these samples i s  not yet  known. Samples 
w i t h  fewer t h a n  25 readings should be considered only approximate indicators 
of the reflectance a t  that  level. F i f t y  readings i s  usually considered a n  
adequate sampling. 

percent, while those of the I l l i no i s  core a re  near 0.4 percent. 
difference may not be significant.  
gradient implies tha t  the geothermal gradient i n  these two areas was f a i r ly  
low. 
of organic metamorphism of 2 to  8 (LOM scale of Hood e t  a1 . , 1975"). 
Studies by petroleum geologists have related th i s  range to  the stage of 
early methane generation, resulting from biologic and other low-temperature 
processes. 
corresponding t o  v i t r i n i t e  reflectances o f  1.4 to  2.1 percent Ro (see 
Fig .  I1 G 3 ) .  

The reason for  the wide 

The average reflectance values fo r  the Kentucky core are near 0.5 
T h i s  

The absence of a vertical reflectance 

The  reflectance values observed i n  these cores correspond t o  a level 

The main phase of  gas generation occurs a t  LOM values of 12 to  14, 

C l y  Mineral Orientation - ---------- 

Clay orientation analyses f o r  the O l K Y  i s  presented i n  Table I1 G 3 . 

and i n  Figure I1 G 4.  
i n  the upper portion of the core does not continue t o  the base of the 
formation. 
w i t h  the base o f  the Morgan Tra i l  Membw. 
is  a finely laminated black, pyr i t ic  shale most similar t o  the shales a t  the 
t o p  of the core. 

Higher values correspond t o  increasingly more perfect a1 ignment of the 
clay flakes i n  the shale. 
the finely laminated f i s s i l e  black shales; low values are  associated w i t h  
poorly to  nonl aminated gray and dark-gray shales. 

X-ray mineralogy technique. 

T h e  linear trend o f  orientation vs. depth observed 

The break i n  this trend a t  2300 fee t  approximately coincides 
The underlying Blocher Member 

An orientation index o f  1.0  corresponds t o  a completely random fabric. 

The h i g h  values measured a re  associated w i t h  

Table 11 G 4 exhibits that  data o f  clay mineral analyses by using 

--------- Thin-Section P e t r o g r g h  

Oriented horizontal t h i n  sections were prepared t o  the directional 

I -  

I .-, 
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M i  crofossi 1 s ------ - 
The t h i n  section made a t  the depth of 2231 fee t ,  reveal the presence 

o f  calcareous microfossils. These microfossils as identified are calcispheres 
of the genus Radiina Reitlinger. The carbonate that  makes u p  the calcispheres 
is pleoehroic and stands o u t  d is t inct ly  i n  the t h i n  section. 
known about the paleoecology of  calcispheres, and their relationship t o  the 
depositional environment of the shale is  a t  present unknown. 

. Very l i t t l e  is  

' -7 

properties and  Paleocurrent indicators. 
found suitable for measurement, w i t h i n  t he  standard 1" x 2" petrographic 
s l ide.  Several random particles were found which may indicate: ( 1 )  the 
absence of bottom currents t h a t  would serve t o  orient the par t ic les ,  ( 2 )  
s h i f t i n g  bottom currents tha t  oriented the particles i n  several directions, 
o r  (3) the reorientation of particles by compaction or other nondepositional 
processes. 

Few elongated par t ic les  were 

------- Mechanical Proeerties --- 

T h i s  includes the point load fracture strength. 

P o i n t  Load Testing --------- 

Values of the p o i n t  load index have shown a sizeable range: black shales, 
1.32 t o  4.89 MPa; limestones, 3.20 t o  10.80 MPa. 
t o  be considerable deviation from the original axial loading o f  the sample 
during fai lure .  However, the orientations o f  the fractures have shown the 
following apparent preferred orientations: 

In addition, there seemed 

L i  tho1 ogy Location Orientation 
Black Shale Upper New A1 bany 140°/3200 - + 25' 
Black Shale Lower New Albany 95O/27So - + 15' 
Limestone Be1 ow New A1 bany 170°/3500 - f 40' 
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With n i t rogen  and carbon dioxide, determine internal surface area 
on 900 shale  core samples; on 100 o f  these, use methane as the absorbate. 
Determine methane adsorption isotherms f o r  the 100 shales a t  pressures 
w i t h i n  the range o f  7 t o  80 atmospheres. Comparison of these properties 
i n  gas-producing and non-gas-producing shales will be made t o  determine the 
relat ionship of shale physical properties t o  gas recovery. 

Christian Count-yL --- KentucQ, --- Core ------- 

Isotopic analyses were performed on methane from four of  the gas 
samples from the Christian County, Kentucky core (OlKY), and the results 
a re  g iven  i n  Table 3. These values a r e  typical of gas of low t o  moderate 
maturity, formed by thermal degradation o f  organic matter. Sample 2,  
however, is isotopical ly  much heavier ( i . e . ,  a h igher  C13/C1* r a t i o  and a 
more posi t ive C value) than the others, and the C13 value obtained i s  
typical of r e l a t ive ly  mature gas, such as tha t  produced i n  the G u l f  Coast 
regiona and the south-central U.S. 

when compared t o  the others from the same core. 

13 

T h i s  value appears t o  be anomalous 

Table 3 .  Carbon-isotopic composition of methane from core 
01 K Y .  
PDB standard. The precession i s  f . 5  /oo. 

Composi t ions a r e  expressed relatjive t o  the 

Sample 

2c1 -41.7 
4C 1 -48.5 
7C1 -49.1 

llCl -49.4 

Stahl (1974) has developed a model based on laboratory studies and 
analyses of gas samples from several areas of the world t h a t  r e l a t e s  the 
isotopic  composition of methane t o  the hydrocarbon composition of the gas. 
According t o  the model, the f i r s t  methane tha t  i s  formed i n  a sedimentary 
environment i s  the result of bacterial  degradation of  organic matter. The  

75 
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only hydrocarbon component formed i s  methane, and the methane i s  isotopically 
very l i g h t  ( CI3 = -65 t o  -90 O/oo). 

temperature, bacterial degradation o f  organic matter is.replaced by thernal 
degradation. 
b u t  as the process continues and the temperature increases ( i  . e .  , increasing 
maturity ) , the proporti on ofheavi e r  hydrocarbons (i . e. , C2H6 , C3H8, C4H7 , etc.  
formed increases. T h i s  continues u n t i l  a point i s  reached where even the 
heavier hydrocarbon gases begin to  break down to  methane, and the methane 
content of the gas again increases. 
continually becomes isotopically heavier. T h i s  model is  i l lus t ra ted  by the 
st ippled region on Figure 1 .  

The four points shown on Figure 1 represent the samples from core O l K Y .  
The four samples have compositions very close to  those predicted by the 
model and suggest that  the gas from sample 2 is  more mature tha that from 
the other samples . 

To determine i f  this trend is apparent throughout the core, and n o t  
just i n  these four samples, we plotted Figure 2,  which shows the hydrocarbon 
composition of 12  samples from the core, as a function of depth. 
shows tha t  there i s  a general trend of increasing methane content w i t h  
depth.' This implies that  maturity increases from the bottom t o  the t o p  of 
the core and i s  opposite t o  what one would normally expect. 
since we are  dealing w i t h  only about 100 fee t  of core, one would expect 
l i t t l e  if any difference i n  maturity between the samples. 

are  a n  indication of the maturity o f  the solid organic material i n  the 
sediments. These data suggest that  the organic material i s  relatively 
inunature and tha t  the maturity i s  f a i r l y  constant throughout the section of 
the core s tudied .  The  data support the previous implication that  the 
isotopic and chemical data suggest an anomalous si tuation. 

i n  the area where this core was taken, gas has migrated o u t  o f  the shale 
into the overlying s t ra ta .  When gases flow through porous materials v i a  
diffusional processes, the different  components may migrate a t  different 
rates.  
gas has been migrating out of the shale very slowly over a long period of 
time, one would expect the gas remaining t o  be enriched i n  the heavier 

W i t h  deeper b u r i a l  and increasing 

The f i rs t  gas formed by t h i s  process i s  also primarily methane, 

Throughout the process the methane 

T h i s  p l o t  

In fac t ,  

The v i t r i n i t e  reflectance data, presented el sewhere i n  t h i s  report, 

One possible exp7anation that  i s  presently being investigated i s  that  

In most cases, the l ighter  components migrate more rapidly. If  

I .  

1 
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13 components ( i . e . ,  C H4 re la t ive  t o  C"H4, C2H6 r e l a t i v e  t o  CH4, e t c . ) .  
Also i f  the migration were upward, the upper  portion of the shale would be 
more affected than the lower p o r t i o n .  

T H i s  hypothesis appears t o  f i t  the data tha t  have t h u s  f a r  been 
considered; however, a more thorough analysis o f  a l l  avai lable  data i s  
necessary before a conclusion can be drawn. 

.. 

i 
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APPENDIX D 

Chemical and Physical Analysis 

BY 
Mound La bo r a  to r i es 
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TABLE 3 

Shale Samples f r o m  the 0-1 Well 
Located in Christian County, Kentucky 

Mound Sample No. 

0-1-1 

0-1-3 

0-1-4 

0-1-5 

UGR File #254 
SAT 
July 1979 

MERC Sample h’o. 

0-1-2184 

0-1 -2261 

0-1-2292 

0-1-2317 

I -  81 

D e p t h ,  Ft. 

2183.71/2184-08 

2261.02/.50 

2292.47/ .. 91 
2317.21/. 64 
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, -  Hound 
Sample 
Ihmbeq 

a-1-1 
Y 0-1-3 
1 0-1-4 

--, 

i 0-1-5 
L .  

J I -  

: ]  
1 -1 

i 
: LJ 

TABLE 46 

flisuaL Kerogen Assessment arrcl Organic Richness 

Organic Thermal Organic 
Matter A1 t e r a  t i o n  Carbon 

(X of Rock) Type Index -- 

H;Am;W 2- to 2 12 ..06 
H; Am; W-C I+ to 2- 8-64 
Am-H; - ; - 2- to 2 6 . 8 5 ;  6 . 8 4  R 
Am-H;-;- 2- to - F 7-47 

A 1  = A l g a l  

Am = Amorphous-Sapropel 

H = Herkjaceous-SporejCuticIe 

\J = Woody 

c = Coaly 

82 
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UGR Fi le  #254 
SA I 
J u l y  1979 

Table D-1 

Fuel Oil Y i e l d  

, Actual Yield of Sample 0-1-3 12.5 Gal/Ton 

Yield Based on Orgariic Carbon Conten@ Ga.l/Ton 

Colorado 16.9 
Wyoming (GRB) 1 9 . 4  
1;lyoming (WB) 

Utah 

17.3. 
19.7 

Kentucky 8 . 9  

7 

J 

.- -*- 
'*Based on formulae from U. S .  Bureau of Mines RI7523 (1971) 
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Material Balance 

0-1-5 Water 0.96% 
O i l  2.47% 

(7-47%C) Gas & Char Balance 0.48% 
Residual Rock 96.09% 

Total 100.00 

ASSAY RESULTS 

J 

Total  Volatiles 3 -91% 

Sample No. O-. l -5  
G a l s .  t?ater/Ton Rock 
Gals. Oil/Ton Rock 
Total Volatiles - (H,O) as .Ga l s ,  Oil /Ton Rock 

2.30 
6.. 23 
7.44 
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TABLE 21 

'Materfal Balance Assay of Sample 0-1-3 - 
Average Results Based Upon Sample Particle Size 

Mes'h S i z e  

Percent  Weight Loss 

Percent Organic Carbon 

. 

. _ _ _  

i ...- 

Gas : 
Gas Concentration (cm3/g) 

'Hydrocarbon Composition (cm3/g) : 
nC, 
nC 2 

C 2= 

nC 3 
C 3= 

iC r, 
nC 4 
G ' C 7  

Wa tex : 
. tgater Concentration (mljg). 
- PH 

Oil : 
Oil Concentration 
Milliliters/Gram 
Gallons/Ton 

4-8 . 20-30 60-80 

7.1 7.0 8.1 

8 . 6 4  8 . 6 4  8 . 6 4  

17-0 

1.156 
0 . 7 4 6  
0.138 
0.195 
0.097 
0.010 
0.039 
0.078 

0.012 
9.3 

0.052 
12.5 

It+ 6 

0.748 
0.578 
0.179 
0.132 

0.008 
0 . 0 3 4  
0.072 

0.012 
9 . 3  

0.050 
12-0 

22.5 

0.712 
0.408 
0 - 104 
0 .094  
0,071 
0.003 
0.016 
0.034 

0'. 014 
9 - 3  

0.050 
12.0 

89 
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DEPTH 

97s-0 
076 .0  
071-0 

079.0 
080.0 
081.0 
092.0. 
033.0 
0 8 4 - 9  

08ij.O 
087.0 
0 8 3 . 0  

090.0 
091.0 
092.0 
093.0 
094,o 
035,O 
096,Q 
097.0 
0 9 3 , o  
099.0 
100 ,o  
!cO1,0 
102.0 
103.0 
1o.)ev- 
1.35,o 
105,o. 
107-0 
103,O 
109.0 
. t i Q o O  
111.0 
112.0 
113.0 
114.0 
115.0 
116,O 
117.0 
113,o 
119eo 
120,rJ 
13.1 -0 
122.0 

0 7 a D o  

0 8 5 - 0  

oa9.a 

/ -  

100 
2 0 0  

100.. 
100 
100 
LOO 
f 00 .  
100. 
100 
100 
L 00, 
100 
100. 
100 
100 
100 
100. 
100 
5 0 0 .  
100 
1 0 0  
LOO 
100 
100 
100 
100 
5 0 0  
100 
1 0 @  

m a  

Lao 
I oa-  
100 
100 
100 
100 
100 
100 
100 
100 
100 
$00 
100 
100 
100 
100 
100 
1 nn 

SHALE 
VQLUHE 

10 
16 
.20 
21  
21 
22 
122 
2 1  
1 7  
16. 
15 
i 3  
13 
13 
13 
13 
14 
14 
12 
12 
12 
13 
53 
16 
21 
2L 
16 
14 
.15. * 
i a- 
14 
16 
17 
l a  
21 
13 - 
10 
10 
11 
1 1  
15 
15  
21 
2 4  
22 
23 
19 
1 A  

FOR-FT I 

17e21 
17 -20-  
17.20 
17.20. 
17.20 
17 ,zw - 
17.20 

17.20 

17.20 

17.20 
17.20 
27.20- 
17,20 
11-20 
37.20 
17.20 
17.20 

17.20- 

17.50 

17.20 

17.20 
17.20 
17,20 
i7.20 
17.20 
17.20 
17.20 
$7.20 
t7.20 
17,2a-  
17.20- 
17D20' 
17 w20- 
17 -20. 

1 7 0 2 0  
17 -20 

I?. 17' 
17-13 
17 ,iO 
17.08 
17 -06. 
17.06 
5 7 , 0 6  
17.06 
17.05 
17.02 
16,86 
f g  R D  

HC-FT 
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1 

C J  
, 

-. 
.. 1 

ir 

t123-0 
tt24.a 
I125 -0 
3226.0 
1227.0 
LE28.0 
1129 -0 - 
! 1 3 Q . O .  

1132.0. 
$133.0. 
1134.0 
1235;o 
I t36 .0  
1137.0 
i r38 .0  
1139.0 
I t  40-0 
i i 4 1 , a  
1142.0. 
1143.0 
1144.0 
13.45.0 
i 146.0 
1147.0 
1118.0 
1149.0 
1. tSfJ.0. 

1152.0. 
1153.0 
t154;-0 
llf5.0 
1136.0 
1157.0 
if;!39;0 
ii59,o 
1160.0 
1161.0 
1162.0 

1164.0 
3165,O 
1166,O 
1163.0 
i165,O 
1169.0 
Llt70,O 

t13 i .a  

m 1 . a  

'I 163 ,a 

' 2  3 5  
:2 -39- 

:2.35: 
,2073 

2 i 7 a  
2.71 

'2.73 
2 - 1 1  
2-72  
2.73 

'2.72 
2 * 7 3  

'2.72 
2.71 

'2.74 
2 - 7 5  
2 ;72 

16 16.82 
26- i6.78 

16.76 
10 
14 16.12. 
16 16.68 

.16 16-63 
21 16.57 

' 2 9  /6,53. 

23. .16.52 
14. 16.52 

.15  -16.52 
14. 16 ,52  
15. 16.52 
20 .16.52 
23 .16052 
23 16.52 
-20 16.52 
20 1 6 - 5 2  
18 .j.6,52 
-2 1 16.52 
'21 16,52 
20  16.52 
14 16.52 
13 16.52 

. $3 ~ 16.52 
$1 16-52 

6 .16.52 

;35. 16.74. 

25 16.92 

9 i6.511 
12 14.51 

' 11 ' I16051 
. 3  16.51 
10 i6.50 
12 16,SO 

1 8  .16 .SO 

18 .16.46 
15 16,43 

17 16.37 
16 16,36 
12 16.35 
14  16.33 
1 8  16-32 
14 16.32 
11 16.32 

~ 13  16.50 . 

$7 26.49 

25 i 6 . 4 0  

.2,7? 
:2.77 
'2,37. 
:2;77- 
:2 ,n 
'2.77' 
'2-27. 
2.3 3'- 

.Z -77.' 
2.77' 
'2.77 
,2.77- 
2-77 

'2.7'7 
- 2-73 

2.77 
2,77 
2.77 
2.77 
2 , 7 T  
2.77 

2.77 
2.77 
2,77 
2 -77 
.207i! 
2.77' 
2*77 . 
2.77' ' 1 

-2-77 
.t2;73 

2.77 
:2 *37 
:2.77 

. '2077 
2-77 

2e77 

'2.77 
. 2  -77 
~2.77 
2.77 
12.77' 
. 2 . 7 7  
2 .77  
2.77 
2 e 7 7  
2.7-r  
'2.77 



t o o  0 -8  
100 1;7 
l o o  2 -2 
100 - 2  ;2 
100 1.9 
100 .- G.2 
100 0.1 
100 0,4 
100 o m 0  
100 o * o  
100 o * o  
100 0.0 

LI 
10 
11 
12 
.21 
35 

9 
.9'  
11 
14 
is 
15 
11 
24 
16 
14 
18 
1 8  
22 
20 
22  
25 
22 
t 6  

. f 6  
20 
20 
11 

6 
6 
9 

17 
.I8 
31 
30 

3 . 36  
54 
6 3  
59 
55 
3 8  
34 
3 3  
21 
15 
14 
20 
19 

'P OR -FT. - 

16.32 
15.32 
A6.31 

.i6,28 
16.30, 

1.6;'2 6-  
.16,21 
. 16 ,€6 -  
.16.10 
16.07. 
16,06 
16e06. 
f6.06. 
16,04 
16e02. 
15;99 
.15.96 
fS.92'  
-15.89 
15-87 .  
15.84 
15.00 

_. 15.7 8 

. .15,74 
15,72 

-15.71 
* 15.72 
- .  -15.71 

3 5 e 7 1  
1 5 - 7 1  

. .15*.71 
,15,71 

. 15.71 
* LS e70 
15.68, 

-15 -67  
15.66 

-15.65 
15.62 
.15.6~1 
25w59 
15.58 
15.55 
15.58 
15.58  
15 ,58  
15-58 

15.76 

HC-FT 

:2 -77 
'2-77 
'2.77 
-2;77 

-.2,77 
2 : 7 7  
.*2,77 
'2.i77' 
.2.77 
' 2  ;77 
2-77 
'2-77. 
.2*7? 
-2.77' 
-2.77 
'2.77 
2-77 

-2.77 
12-77 
2.77- 
2.77 
2.77 
'2.77 
2.77 

. 2  -77 
2.77 
2 -77' 
2.77 
'2.77' 

-. 2.77 
:2,?7 
2-77 
-2.77 . 
2.77 
12.77 
2-77 
'2.7 7 
2.77 

.2,77 
'2.77 
2.77 
2.77' 
* 2  -77 
'2.77 
2 -77 
2.77 
2 -77 
2.77 
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i a  . . ~ 5 . 3 ~  . . . .2;a7 
25 15.31 7 .2;7'7 
-25 - 1 5 b 3 1  2.77 
22 -- 15b31 :2,77' 
22  15.31 :2;77 
2 1  1 5 e 3 1  2.77 
15 15.30 2.77 
3 2  15 .28  2.77 
l i  15.26 2.77 

6 $5.23 2.77 
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DEPTH 

13€S-O 
k325;O- 
1337.0 
f 328;Q 
5329,o 
2320;O. 
$321.0 
t322.0. 
1323-0 
2,324.0 
1325.0 
$325.0 

1328,O 
t 329 -0 
133Ve0 
1335-0 
t 1332.0 
1333-0  
1334,O 

1336.0 
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' 7 . 5 0 .  

7.48 
7.47 
7.46- 
7.45 

7 ;44 
7.43 
7.43 
7.43 
7.43 
7.43 
7.43 
7.43 
7.43 
7.43 
7.43 
7m43 
7.43 
7.43 
7,43 
7.43 
7 -43 
7.43 
7.43 
7,43 
7.43 
7.43 
7.43. 
7 v 4 3  

'7.43. 
'?,43 
7.43 
7 , 4 3  
7,43 
7*43 
7.43 
7 , 4 3  

7.43 
7.41 
7.41 

7.48 

7 * 45. 

' 7 .43  

---- 

.Hc -FT' 

~ 3 a -  
.2 -37' 
2.37' 
' 2 2 t  
2,36 
2.36- 
.2.36. 
2-36. 
2-36 

' 2 . 3 5 .  
2.35 
2.35 
2-35 
2.351 
2.35' 
2-35, 
2.35 
2.35. 
2-35 
2.35 
2.35 
2.35 
2-35 
2.35 
.2,35 
'2-35 
2-35 
2.35 
2-35 
2 635 
.2.35 
2-35. 
:2,35 
2.35. 
.2,35. 

'2,35 
'2,35 
.2,35 
2-35. 
'2.35 
2-35 
2,35 
2,35 

.2 ,35 
2-35 
2.35 

I---- 
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I 

.2.70 
2.84 
2.74 

-2m82. 
2,75 

2-88 
2.80: 

2.59- 
2.88. 

'2.8.6- . 
-2 . 87' 
' 2 -88  

'2-80 

.2,a0. 

2 - 0 6 .  
*2.86* 

O h  
3 6 5 -  

82 7.41 
'7-38 
7.36 
7.35' 

' 1 .33  
'?;33 
7.20 
7 022' 
7 . t 7  
7;t3 
7.08 
7 4 0 3  
6 . 9 8  
6.94 

6,93 
6.78 
6.73 
6.68 
6 - 6 2  

- 6 , 5 6  
'6.51 
6-47 
6 . 4.3 
6.38 
6 . 3 3  
6.29 
6 - 2 6  
6.22 
6*19 
6-15 
-6.12 

6m89 

6-09 
6 . 0 5 .  
6.02 

L5.e 9 3 
5.94 

;5,90 
5 . 8 8  
.5.84 
5 e 8 1  
5a79 
5,76 
5-74 
5-71 
5.67 
5*65 
5.62 

2-35 '^_ 

' 2 .34  

-2.32- 

2-29 
2 226: 

.2223 
' 2 -20  
2.17 
2.14 
2-11. 
2.09 
2-05 
2-01  
1.97 
1.93 
1-90 
1.86 
1.81 
1.78 
2.76 
1.74. 
1.72 . 
I .69 
1.65 
t - 6 8  
1.66 
1 -65 
1-64  
i -62 
1.61 . 
1.60 1 

1-59 
1.58 
1-56  
1.54 
1.54 
1 -53 
t .52 
P ,s2 
1-52 
1,52 
1-51 
2.50 
S - 5 0  
i -50 

2 *33. 

2632 
'2.32' . 

' 7 1  
78 0.0 

'2 22 7 4- 
7 9  

5 0  
' 54 -  

,54- 
53  
5 2' 
5 1  

- 4 9  
4 4  
45. . 

'52 

sa 

. .  

I .  . -  
2-07  4 2  
2 - 8 4  a39 
2m87 38  
2.97 38 
2.85 38 
2 - 0 2  42 
2 -00  41 
2m82 38 
2.84 40 

,2982 42  
2.79 44  
2.90,- .ss 
2.80 45 
2.70 42  
2.39 42 
2 - 8 1  45-  
:2.80 47 
' 2 .79  5 0  - 
2e82 5 3  
'2.95 53 
2 - 0 1  5 4  
-2e8U 54 

' 2 - 3 9  45 
2.75 47 
2.76 42 
2-75 43 

2 *?9 40 
2e34  49 
2 -79 42 
2.82 4 3  

2 m 8 O  4 8  

2.76 4 0  

J 

21.37 
22.09 

100 .2.7 
62'- i3.7 

i 

I 0 0  i 2;s 

l o o  ! 2.0 

100  
65' 1 . 3 , 6  

--.-93--x 3 0 3  
66 3 * 8  
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'2.72 
2 e74 
2.74 

' 2 - 7 4  
2.74 
2.77 
2.39 
2.77 
2.75 
2 . 7 4  
2 * ? 4  
2.81 
2,130 
2 . 8 1  
2 - 7 5  

2.74 
'2.74 
.2.74 
2 8 7 4  

-2.74 
'2.74 
-2.74 
2.74 
2.75 
2.73. 

2-81 
2 . 7 4  
2.74 
2 v 7 3  
2 . 7 4  
2 - 5 0  
2 . g 3  
2 e 7 9  
2.74 
2*75 
2.74 

2D73 

2 0 7 2  

4 8  
6 0  
51 

* 5  1 
50 
4 8  
-49 
46 
46. 
5 2  
55 
49 
46 
44 
45 
47 
5 2  
55 
59 
65 
63 
54 
51 
50 
56 
-56 
47 
42 

4 2  

43 
4 3  
43  
51 
65 
74 
68 
72 
70 
65 
65 
6 3  
6 7  
6 6  
56 

45 

42 

42 .  

42 

-L,48 
1 a47 
1.46 
1 6 4 5 .  
-1.43 

- -11.41 
1 - 4 0  
1.40. 
1 - 4 0  
1-40 
2-40 
1040- 
1.40 

1.40 
1.40 
1 .do 
1 - 4 0  
2-40 
1 - 3 9  
1.39 
1039 
1.39 
2-37 
i *37 

. ID37 - 
1.37 
2.37 
1-37 
1 ..37' 
1.37 
1,3?. 
1.37 
'1.37 

1 m 3 7  
i 037 
1.37 
I B36 
1.35 
1.34 
1.34 
1 *34 
I , 34  
1.32 
1-32 
1.31 

I B31 

2 B'40. 

1,31 



' - 7  
, ,  
I i  
i .d 

i 
I 

! 
I -2 

:2.2 
.4; 0- 
3.2 -- 
I ;9-. 
-0.0 
*4;2. 
L .% 

. 3 . t  - 

.3.4 

.4;1 
5,3. 
.am0 - 
-3.9 
.4,8 
* 3  r 5  
0,s- 
2 , 5 -  
4,s. 
2m9 
4 .1  
2.5 
i . 2  
4m8- 

a5.7 
2.9 
4 i 3  
6.4 
6.2 
3.7 
3.2 - 
1.8 
2;s 

- 3 . i  
- 3  i 3  
4.7 
4m7 

4 64 
4 - 8  
4.4 
4 - 5  
4,5 
5.0 
5m7 
5 . 5  
1.9 

4.1 
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J 

' 1- 

I .  

. _ >  

.- 
i 

. .  

r '  

i 

i -7 
I 4  4 

2323-0. 
2 3 2 4 - 0 .  
2325.0 
2326.0. 
2327.0 
2 3 2 9 - 0  
2329-0 
2330&9 
2331.0 
2332-0 
2333.0 
2334.9 
2335-0 
2335-0 .  
2337-0 
233a3,0  
2339-0 
2340-9 
2341.0 
h L 3 4 2 . 0  
2343-0 
2344-0 
2345.0 
2346.0, 
2347.0  
2343.0 
2349-0- 
2350,o 
2353,o 

2353.0 
2359.0 
2355-0 
9*- .-.s35,0- 
3357 ,a 
2358.0, 
2359,O 
2350.0 
2351-0 
2362 0 
2363.0 
2364.0 
236.5.0 
2366.9 
2357,o 
2352,o 

2352,0..- 

m - .  - -  - 

. -  
WATER: 'POROSITY; 
SAT. - TOTAL .SECs - -  _ -  - - 

- .  

19 25.9 -4.3 
61  '2.6 ' 2 -6  

ioa5: . j l  a * o  o,o 
100 0 6 0  -0 ,o  
100 O e O  O e O  
100 0;o- 0 , o  
100 0.0 0.0 
t o o  0 .0  0 - 0  
100 0.a. 0.0  
100 0.-0 0.0 
I00 O,O a e a  
100 0 . 0  000 
100 o e o  0.0 
100 0,o.  0 , o  
L O O  0.0 0.0 
I 0 0  0.0 0.0 
100 o m 0  0-9 
100; 0.0 0 , o  
300 om0 0.0 
100  0 . i  0 . 0  
100 o,a 0.0 
100 0.0 0,o 
100 0.0 0-0 
t o o  0.0 0.0 
100 0.0 0.0 
100 0 ' 0  0.0 

100 0 e . o -  0 .0  
L O O  0 . 0  0,O 

100 0,Q 0.0 
1 0 0  0.1 0 . 0  
l o o  0.3 0.0 
100 0,3 0.0 
i o a  0.0 Q . 0  
100 0.1 0.0 
100 0.0 0.0 
100 0,s 0.0 
100  0,6 0.0 
100 0.5 0,o 
$00 0.7 0,O 
100 0.1 0.0 
100 o,a 0.0 
100 0.0 0.0 
100 0 - 0  O m 0  
I00 000 0.0 

100 0.0 

Z O O  0,o- ado 
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DEH S$TY 

GM/CC'. 

2a 
is 
12 

7 
- 3  
-4 
5 
5 
5 
3 
3 
6 
7 
7 
7 
6 
2 
1 

.2 
0 
0 
0 
0 
0 
0 
1 
1 

0 
0 
0 -  
0 
0 
0 
0 
c 
0 
0 
0 
0 
0 
2 
3 
3 
4 
4 

a -  

2-71 
.2 .65-  
,2,64 
2.6+ 
- 2 - 6 4  
'2.64 
:2.64 
2.64- 
21.6 4 
2.64 
2.64 
2.64 
.2.64 
2.64 
2.64 
2.64 
2,64 
2-64. 
2 e 6 4  
2.64 
2.64 
2.64 
2.64 
2.54. 
2,64 
2.64- 
-2.64 
2,64 

' 2 . 6 4  
.2.64 
'2.64 
2e64- 
2v63 

- 2.63 
2.63 
2,63 
2.63 
'2.63 
2.62 

.2 ,62 
2.61 
2.60 
2.60 
2,60 
2.60 
2.60 

.0m10 
0.05' 
0 - 0 5  

0 -05  
a.os. 

-0.05 
- 0 - 0 5 '  

0.05 
0.05 
0; 05, 
0.05 
0 . 0 5  
0,05 
0.05. 

0,05 
0.05 
0.05 
0.05 
0 - 0 5  
0.05 
0 . 0 5  
0 -05 
0 , 0 5  
0.05 
0.05 
0 -05. 
0 ..05 
Q ,05 
0 . 0 5 -  
0.05 

0.05.  
0.05 
0.05 . 
0 ,os 

, 0-05 
0.05 
0.05 
0.05 
0.05 
0,05 
0.05 
0.05 
0.05 
0.05 

a.05. 

' 0.05 '  

. __ . ... . . 



23?1.0 
2372.0 
2373,o 
2374.0- 
2375,o 
2 3 7 5,o- 
!377,0 
2378-0- 
2379.0 
2380.0 
338j.-0 
?392,U 
!383,a 
!384,0 
!3a5,o 
?386*0 
1387.0 
!388.0 
!389,0 
!390,0 
!391.0 
i392.0 
'393-0 
0394,0 
3 9 5 . 0  
,396.0 
39780 
398.0- 
399,o 
400-0 
4 0 1  *o. 

403 
403.9 
435.0 
406,O 

408-0 
409,o 
410,o 

112,O 
423-0 
414.0 
415.0 
416.0 
4 1 7 - 0  
418,O 

402 0 

407-0 

4 1 3 ~ 1  

\ 

. -  
0.00. 100- 0.0 0 - 0  
o;oo---- 100 0.0 0.0 
o,oo. 100 0 ,o  0,o 
0;oo- 100 OGO. 0;o 
o,or), 100 0,o 0,0 
o;oo--- 1 0 0  - 0;o 0;.0-- 
0 , O O .  100 0.0 ,o.o 

0.00 $00 0-0 0,o 
0 . 0 0 . -  100- 0.0 0;o- 
0-00. f O Q  0.0 0.0 
0,OU- 100 0.0 0,o 
0.00 100 0.0 0,a 
0.00 IOU . '0.0 0.0 
0.00-  100 0 6 0  0,o 
O,OQ-- .I00 .Q .P 0.0 
0,oo 100 0-0 0,o 

o*oo*  1 0 0  060 0.0 
0.00 100 O D 0  090 
0.00  100 0-0 0-0 
0,oa 100 0.0 0,o 
0 - 0 0  100 0 , o  0 .0  . 
0.09 150 0.3 u , o  
0.00 100 0,o 0,o 
0,oo 100 0.0 0.0 
O o 0 O ?  100 -0.0 0 0 0  
o m -  200 0.0 0.0 
0;OO-- 1 0 0  .o,o 0 , o  
0 . 0 0 .  10Q 0 , o  0.0 
0;06.--  100 om0 0 ; o  
0.00 100 0,o 0,o 
0.00 1 0 0  O k O  0 . 0  
0.00 100 .o,o 0,o 

0.00- 100 0 ,o  0.0- 
0.09 100 , 0 6 0  0.0 
0.00 100 0.0 0.0 
0.00- 1 0 0  O m 0  0-0 

O D O O .  100 '0 ,O 0 . 0 -  

oooo-- 100 O m 0  O m 0  
0.00 100 O O o  O D 0  

A 

0,OO. 100 O D 0  0.0 

0.00 100 0.3 0,0 

0,oo i a o  0 . 0  O m 0  
0.00 100 0 .0  0.0 

~ , O O  100 O m 3  0.0 
0.00 100 0.3 0.0 

0.09 1 0 0  '"0 O D 0  

0.00 100 0 - 0  0.0 

q z 0 o  100 0,s 0.0 
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2 - 7 5  
2.13 

2.75 
.2m?3 
'2.75 
2 . 7 8  
2.79 
2 e 7 S  
2.75 
2.74 

4 
4 
2. 

- 3  
4 
4- 
4 
4- 
4 
4- 
4 
4 
4 
5 

- 3  
6 
5 
a 
4 
4 
3 
4 
4 
4- 
1 
0 
4 
4 -  
4 
4.  ' 

4 
4 
4 
4 .  
4 
4 
4 
4- 
4 
0 
0 
1 
4 
2 
0 
0 
0 
0 

2.60 . 
2.60 
2.60 
2.60 
'2.60 
,2.60 
2-60 

2.60 
2.60 
2,60. 

2 . 6 0  
2-60 
2 - 6 0  
2.60 

'2.60 
-2.60 
2.60 
'2.60 
2,60 

.2.60. 
2.60 
2.60 
2.60  
'2.60 
2.60 
2.60 
2.60 
2.60 

' 2 , 6 0  
2m6O 

.2,60 
2.60 
2,60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2-60 
2.60 
2,60 
2.60 
2.59 

2D60 

*- 2-60 

o .as 
0.05 
0.05 
0.05, 
0 - 0 5  
a.05. 
0.05 
.0*05  
0-05 
0.05.  
0.05 
0.05 
0.05 
0.05 
0.05. 
0 . 0 5  
0.05 
0.05 
0-05 
0.05 
0.05 
0.05 
0.05 
0-05 
0 -05 
Om05 
0.05 
0.05 
0.05' 
0 .05  
0.05 
0-05 
0.05 
0.05 
0-05 
0 .05  
0 -05 
0.05 
0.05 
0-05 
0-0s 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

.. - .  

. . . . , . . 

. .  

. .  

. .  

.. , 

. .  

, . .- 

. . ,  , 

. . -  
. ,a 

. .  



UGR F i l e  F2.54 
SAI 
Ju ly  1979 

0.00 100 0.5 0,o 
9.00. - 2 0 0 -  0.2 0 , o  
0.00 100 0 ,L  0,o 

0,OO 100 0.0 0.0 
a.00 100- ,o.o- 0 .0  
0 - a 0  100 0.0 0-0 
d.00. 1 0 0  .o;o- 0 . 0  
0.00 100 0.0 0,o 
0.00  2 0 0  0.0 0 . 0 -  

0 , O O  1 0 0  0 ,4 -  0.0 
0.00 100 0,7 0,O 
0 . 0 0 -  100 1,s 0.0 
0.00 100 2.5 0-0 
0.00 100 ' 2 . 5  0.0 
0,oo 1'30 3.0 0 - 0  
0.00 73 13.9 3,9 
0.00 100 :3,0 0.0 
0.00 100 2 , 9  0.0 
0.00 I00 2 , 6  .2,6 
0 . 0 0  100 0.9 0.0 
0.00- 100 OD3 0.3 
0.00 r o o  -0.0 0.0 
0,oo 100 0.0 0,o 

0.00 100 Q 07 0*0 
0.00 100 0.0 0-0 
0.0.0 1 0 0  0.4 0.0 
0 , o o  100 1.3 0.0 
0.00 1 0 0  1.0 0.0 
O,O@ 200  1.2 0 . 0  

0 ,OO.  roo  om0 0.0 
0.00 300 0.0 0.0 
0.00 100 3 .6  0.0 
0.00 100 4 v 6  0,o 
0,oo 100 '3,s 0.9 

0,OO I00 4.4 0-0 
0.00 100 4.8 0 - 0  
0,OO 100 2,7 0.0 
0,OO r o o  ow4 0,o 
0,OO 130 1.4 0.0 
0,co 100 2,2 0.0 

0-00 100 3.9 0.0 

0.00 100 0;O 0.0 

0,oo 100 O D 0  0.0 

0,oo loo O D 2  0.0 

0.00  l o o  0.4 0.4 

0.00 100 3.1 0.4 

0.00 100 1,9 0,G 
0 , O O  100 2-4 0,C 

c 158 

0 
0 
3 
1 
1 
4 
4 
4 
2 
2 
1 
0 
1 
2 
1 
1 
0 
0 
0 
0 
0 
5 
7 

13 
14 

5 
2 
5 
2 
1 
2 
4 
8 

11 
11 
0 
0 
2 
2 

1 
2 
3 
0 
1 
3 
1 
0 

a 

2.59 
2 , 5 8  

'2.58 

2 - 5 8  
2.58 
2.58 
2 - 5 8  
2.58 
2 - 5 8  
2.53 

2 . 5 8 ,  

2 4 5 %  
-2.57 
2.57 
'2-55 
2.52 
2-50 
2 . 4 6  
2,43 
2.40 
2-37 
2.35 
2-34 
2.34 
2.34 
2 - 3 4  
2 - 3 3  

2.33 
2.32 

2,30 
2.29 
2-29 

2.33 

.2m31 

2 129 
.2.28 
.2,24 
2 , 1 9  
2-16 
2-13 
2.08 
2.04 
2 ,Q2 
2*01 
1-99 
3 . 9 7  
I *95 
1.92 

0m05 
0.05. 
0 -0s 
.O ,05 

0.05 
0.05 
0,q5 
0.05 
0 , 0 5  
0 -0s 
0 , 0 5  
0 -05 
0.05 

- 0.05 
0.05 
0 .05  
0 . 0 5  
0.04 

0.04 
0.04 
0-04 
0.04 
0 - 0 4  

' 0.04 

0.04.- 
: 0,012 
0,04 
0 -04 
0 .QQ 
0-04 

.0,04 
0-04 
0.04 
0.04 
0.04 
0-04 
0,04 
0.04 
0.04 
0-04 
0,q3 
0.04 

0.04 
0.04 

o ,as 

0.04 

0,04 

0 . 0 4  



- .  

0 . 0 ~ -  100 
0 , o w  I 0 0  
0.00. 100 
0;OU: - . 9 9  
0,oo- ioa 
*o-;to*-- too-. 
O,OO- ma 
0 ~ 0 0 -  fOU 
o,ao- 100 
0 ~ 0 0 -  1 0 0  
0,oo- i o a  
0.00- 100 
o.oa 100 
0.00-  100  
0.00. 100 
0,OU- -97 
O,O& 100 
o;oo..- I00 
0,OO- P O 0  
0000-  t o o  
o i o o .  100 
0,OO- 99 
0 , O O  100 
0,oo- z c o  
o,oa- 98 
o , o o - , -  100 
0.00 i a o  
oooo--~-  - 200  
0,oo- 100 
0 :OO---- 3 00 
o,oa.,- 95 
o;oo--- 100 

0;;oo- $ 0 0  
b,oo 100 
0 - 0 0 -  I O U  
0.00 100 
0 , O O -  100 
o,ao- i o a  
0 , O O  100 
0,OO 100 
0 - 0 0  100 
0 , O O  100 
0 , O O  100 
0-00 100 
0 . 0 0  100 
0.00 100 
0-00 -. 100 

0.00- 100 

0 
0 

1.88 .O,QQ 
1 .a3 0.04 
1-76 0 ,QQ 
2 070. 0.04 
1,64 * O  -04 
2 * 5 9 *  -0.04- 

i r 5 f  0 - 0 4  
1.47 O,Q4 

1.55 0-04 

2.44- *0,04 
1-41 .0,04 
1;3a .0,04 
1.34 0.04 
1 . 2 9  0.04 
1.23 0,04 
t .17 0 -04 -  
i ,lQ o ,a4 
1m05. 0604 
1-00 0-04 
0.97 0.04 
0-95 0.04 
0 , 9 2  0-04 
0-88 .0,04 
0.84 *0,04 
O m 8 f  0 -04 
0 . 7 6  0.03 
0.73 ~ 0 . Q 3 .  
0-71 -6.03 
0.70 0.03 
0 , 6 8  *0,03 
0.66 0.03 
0.62 - , 0 , 0 3  
0 -60 0-03 
Q 059. '0 .03 
0.52 . 0 , 0 3  
0.55 .0,03 
0.54 0.03 
0 - 5 4  0103 
0.53 0.03 
0.52 0 - 0 3  
0.50 0.03 
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APPENDIX F. 

This section includes the copies o f  the logs provided by Schlumberger 

We11 Services. They include: 

' . -; 

j i  

Sonic Log 

Compensated Neutron Formation Density Log 

Microlaterolog - Microlog 
Dual Induction - Laterolog 
Coriband Analysis 
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APPENDIX G 

L .  

--. 

This  s e c t i o n  conta ins  the scope o f  work f o r  t h e  

O r b i t  Gas Company Eastern Gas Shale P r o j e c t  Cont rac t  
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SCOPE @? !:a!?>: 

1 - 0 

1.1 

1- 2 

l:or!c uitdei- this coctract s h a l l  be p2;rforncd in accotdmce w i t h  
thc  specific tas?cs of e f fo r t  set  f o r t h  below. 
project shall  consist  of 3 t s s I c s  1;hLch sha1.1. be performed 
sequccthlly.  The objscri-qe of the project is to 1) acquire 
orientcd core material and conprehcnsive geophysical F e l l  log 
data froas tlic Dsvorsicn Skde in wastern Keiitucky and 2) to 
evaluate the  technical and economic fcnsibility of s t i n u l a t i n p  
naturnl gas pro2luctforr fron the Dzvorzian Snalc by hydraul ic  
fracturing- 
fac i l l c i e s ,  equipmenc and services necessary t o  pc!rEorn each 
task of the progrxn as outl ined belov .  

The t G t d  

The Contractor shal l  f t i rn i sh  t h e  personlie.)., 
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F o l l o v i n g  t h e  cor ing  o p e r z t i o n ,  a coaprehens ivc  su i te  of geo- 
p h y s i c a l  w e l l  logs w i l l  be run  in t h e  vsll. 
102s w i l l  be  c o n s i s t e n t  w i t h  t he  logg inz  progism o u t l i n e d  
in the ECSP and w i l l  c o n s i s t  of t h e  following logs:  

This s u i t e  of 

Gama Ray 
Fornation Dens i ty  Conpensated 
Temperature 
Caliper 
S i b i l a  tfon 
D u d  Induction - Lnterolo'g 
Micro Laterolog 
Coffipensated Neutron 
Sonic 
SP 

After t h e  loggzing operation is c o a p i e t e  the Contractor s h a l l  
c2se t1:e hole  ttirotrgh t h e  Devonian S h a l e  wi th  1:-55, 4-1/2 O.D. 
seamless casing. 
above t h e  top of t h e  DevoEian Shale  f o r n a t i o n .  

The ccnen t  top s h a l l  be  at least 7-00 fee t  

The C o n t r a c t o r  and the EP!A TPO and/or h i s  r e p r e s e n t a t i v e  
s h a l l  conmr  .on t h e  h y d r a u l i c  f r a c t u r i n g  dcsign f o r  Chts well. 

LL-C~L~X~CXIC w i i l  b e  6ccerr.lined u s h g  d z ~ a  frcx c i r i i i i n g  TCcOTdS,  

core analysis ,  and well logs. The h y d r z u l i c  f r a c t u r i n g  f l u i d  . 
w i l l .  be sand- ladcn  foam - 75% nitrog.cn, 25% V ~ C C T -  Approxinately 
1200 lzrrcls of foim, ac3 50,OW Founds of 20-40 ncsh sand 

f l u i d  and y roppan t  i s  c o n s i s t e n t  w i th  other ex?erimzntaJ. s t i n u l a L i o n  
vork that is  bcing conductcx? i 3  c o ~ j s a c t i o a  with the EGS?. 

* The placement of. t h e  p e r f o r a t f o p s  and the cx.:s)r.f: s i z e  of t h e  

.- 

. w i l l  be used in the fracturing operz t ion .  T h i s  q u a n t i t y  of 

The f i n a l  design of t h e  h y z r a u l i c  f r a c t u r i n z  t r e a t m e n t  wi3.1 bc 
prepared by EKDA 2nd sent t o  tlie Cont rac to r  for- c c n c \ x r e n c e  no 
later t h a  20 working days after the logging oparatS.on has Been 
completed, The a n t r a c t o r  s h a l l  ha-ze f i v e  (5) wor1:ir.g Zays 
to approve the design o r  make recoTazndations concer-rifng zn 
a l t e r n a t e  des ign .  No work shal? comence o r  costs be i n c u r r e d  
for  subsequent  tasks wrk m t i l  t.-rittcn au t lmr iza t ion  113s beerr 
granted by t h e  Contract ing OfEicer. 

1.3 Task 111 - The Con t rac to r  shall h y d r a u l i c a l l y  f r a c t u r e  the ~;el.l 
a c c o r d i n g  t o  t h z  d e s i z a  approve6 i n  Task XI. DUC to cer ta in  
u n k n o E  reservoir parameters i t  azy be nccesss.-y to makc clienees 
in the 11ydraul.i.c f r o c t u r c  t r ea tneDt  w X l n  t h e  ti:ecatir,ent is i n  
p rogres s .  
and to concur w i t h  any ?roposcc! ch;lngcs. 

The EKDA T?O xi11 be  on loca t ion  Lo nnkc rccosmendations 
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Once vie11 conditions permit,  the Contractor .shell conduct 
extensive well tests which will permit evaluation of the 
hydraulic fracture treatment. 
€our-point, modified-isochronal t e s t ,  a drardocm test, and 
8 long-term pressure build-up t e s t -  

These t e s t s  w i l l  c o n s i s t  of a 

The Contractor shall prepare and present to  t h e  ERDA TPO a 
f i n a l  report which contains a h g  of all wcllsite activit ies ,  
results, and recornendations through the end of t h e  prcljminary 
t e s t i n g  and evaluation period, 

1.4 Task IV - If production is  suff ic ient  from t h e  proposed well and 
other developzental wells to warrant laying a gathering l i n e  to  
this field, the proposed w e l l  w i l l  be  put on l i n e  and its 
production mosritored for a three year period. )lontl~ly production 
records will be supplied to the ERDA TPO semi-annually. 
records should include mount of gas produced, wellhead pressures 
and the conposition of t h e  gzs beirig produced. 

These 

1 
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Del iv.:rab lcs 

As p a r t  of t h e  
the C o n t r a c t o r  

TASK REPOSTS 

The C o n t r a c t o r  
the c o m p l e t i o n  

shall prepare and subailit a le t ter  r e p o r t  a t  
of each task of effort. This  r c p o r t  shall provide 

a narrative sunna ry  of a l l  work accomplished under e a c h  task 
including conclusions reached and s p e c i f i c  reconinendations for 
subsequent tasks effort . 
DlQIFT FIHAL REPORT 

Upon comple t ion  of t h e  work described 
the C o n t r a c t o r  s h a l l  p r e p a r e  and s u b n i t  a d r a f t  final r e p o r t  
which shall. include an a n a l y s i s  of ' s a l i e n t  f i n d i n g s ,  a p r e s e n t a t i o n  
of general conclusions, and any guidance o r  reconmendat ions decaed 
p e r t i n e n t  for future c o n s i d e r a t i o n  by the Govcrnrnent. The Government 
w i l l  b e  z1lot;ed twenty (20) d a y s  t o  review the  draft and n o t i f y  
the C o n t r a c t o r ,  i n  w r i t i n g ,  of a p p r o v a l  o r  of recoinxnded clianges 
to be mxIc i n  thc f i n a l  copy. 

ir. t he  SCaCen?eat of IJork, 

I f  thc Government does  n o t  approve or  r ecoxxml  clisngcs i n  

r e p o r t ,  the r e p o r t  i r i l l  b e  deenecl approvcd.  
s h a l l  also i n c l u d e  a list .of i n v ~ u t i o n s  nedc o r  concc ivcd  i n  t h e  
course of or uncier tlic t o n t r a c t  or a c e r t i f i c z t i o a  of the 
a b s e n c e  t h e r e o f .  

p?czt--zg y ~ ~ h ~ ~  tec~t;. ( ' ~ C I )  $=;.s of r-Cni?t --I  25 thz GrZf!: f~~~~ 

The d r a f t  f i n z l  xcporL 

With in  t h i r t y  (30) days of r e c e i p t  of approvz l  of the d r a f t  
f i n a l  report  f r o m  the Government Techn ica l  Project O E f k c r ,  t h e  
C o n t r a c t o r  s h a l l  furnish t h e  Governncnt w i t h  a rcpxodi :c iblc  
master and t h e  r e q u i r e d  nplmber of cop ie s  of tlie f ina l  r e p o r t  
i n  f i n a l  forn. For t h e  reproducible raster, the t y p i n g  sIid.1 
be s i n g l e  spaced on one side of t h e  s h e e t  onlyz and a l l  photo- 
graphs shall consist of glossy prints- 

The  fo1lowrii:g disclaimer s h a l l  be p r i n t e d  or stc?mpcd on thc 
title pagc or inside cove;: of each volune and copy of the f i n a l  
report : 

The v iews  and concl .usions contn incd  in th5s docmen t  are 1) 

those of tlic a u t h o r s  and sl~oii!.d not b e  inreqwcrccd 2 s  
n c c c s s a r i l y  r e p r e s c n t i n g  the o F f i c i a l  p o l i c i c s  or r c c o w  
r?.citdatio;ls of thc U.S. Govcrnzqcnt- ri 
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DELIVERY DATES 

, -. 

I -- 

1. R c p o r t s  

D2 scrip t ion 

a. Task Reports 

b. Draft' Final  Report  

6, Final Rcport 

Quan tizy 

10 copies 

10 copies 

Ore reproducible 
naster and 50 
copies 

Del ivery  ih re 

Due on or  before tcn (10) 
days after the completion 
of each task of effort: 

Due t e n  (10) days after 
completion of Task ZV 

Due on ox before t h i r t y  
days after approval 
of the d r a f t  f i n a l  
report. 

2, Distr ibut ion of Reports  

a. One copy of each r e p o r t ,  in draft and/or f i n a l  f o r m ,  as 
required by this contr:c?ct,  shall be dclivcrecl prepaid tG: 

United S t a t e s  Energy Researcl i  and Dcvelopnent A d n i n i s  t r a t i o u  
P.O. Eox E 
O a k  Ridge ,  Tennessee 37 830 

ATTENTIOX: F ,  0. C h r i s t i e ,  Director, C o n t r c c t  Div is ion  
Oak Z d g e  Operations 

b.  A l l  xe~. i?hiz:* 0 copies of reporcs  s h a l l  bz del-ivercd p r e p i d  
to the Governisnt T e c h n i c a l  Pro-j ect O t f  icer d c s i p a t c d  
by the Contract ing Officer. 

168 



UGR F l l e  #254 
SA I 
July 1979 

169 



.. .- 

UGR F i le  K254 
SAT 
July 1979 

APPENDIX H 

This section contains a monthly financial report, an oil 
and gas lease, permi t to dri 11, and examination of the 
title to the leasehold estate performed by Neal & Neal 

Attorneys, and b i d  sheet and well specifications. 

. .. 
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SUPPLEblEi TO F1OhTILY FINAiiCIAL. EpOm 

Graph Showing Progress of  Work 
and 

Comparison of Actual and Cumulative Costs 

Progress of Contract in Ir'eeks --- . 

i 

T I b E  REQUIRED AVD ALLOCATED EXPENDITURE TO DATE 

Time Required ERD-4 - Weeks Actua l  Planned 
1 

6 

8 

15 

2- 

$ 0  $ 0  

25,240.63 25,000.00 

19,759.37* 20,000.00 

$45,000.00 $45,000.00 

ORB IT 
Actual Planned 

$ '  . o  

38,418.31 39,500 .oo 

3,773,37** 5,500.00 

$42,191.6 8 .$45,000.00 

* ERIN Contract overrun of $850-95 was deducted 

Em4 Contract o v e m  of $850.95 was added 

from this m u n t .  

i n t o  this amount. 
** 
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' L  V C E i 2 S  8 0  SP. T.O.P. R E V  

.lr w l y  in proporcicm &ich h i s  in tc rcr t  t e a r s  to the +lc and undivided Ice. 
~ scc rhlI havc thc right to use. I r a  01 cost. gas, o i l  and water p r d u c d  m s i d  1a.d lor i t s  q s r a t i k  therecn, c r q t  D a c r  l r r n  e l l s  01 lessor. 

rcyucstcd by the Iamr. lcvcc  h a l l  bry i t s  p i F  l ines kclow p l w  depth. 
p .  
k ~ ~ e  shall  pay lor &=ge causad 

cII sha l l  be Cri l lcd  nearer than Po feet to tk k u w  or b r n  m w i d  p m i w s ,  withcut the * r i t t m  -nt or tht. lessor. 
i t s  cpcratiw to grwing crcps m said I d .  

e to d r i l l  a e l l  within the tcrm or t h i s  lcasc or w v  c x t m s i m  thcrcol 
YC shall hare tk right at  y t i =  to r ~ l ~ r r  a l l  r r h i n c t y  ad l ix tures  P I X &  m said p r o i s c s .  including the r i&t  to dras ad r u m =  u s i n g .  
'r lesscc shall 

c term 3 w a r s  hcrcin. I i r s t  r rn t imcd.  

the lrrwe shall t m c  the riL\t to d r i l l  s d  e l l  to cr rp lc t ior  
ad di atch. =oil and p s ,  o r  e i ther  of then, k farnd in paying q k t i t i e s .  this I &  shhrll continue and Lc in 10:ce u i t h  I i k  cllcsl as i l  such mcll 



J u l y  1979 

59'7 

... 
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. .  
*. . 

STATE OF KENTUCICY, €EIR'ISTLAN COUXTY - - - SCT- 1 ............. I 
. .  

-.'. 

that ths foregoing 2 k Q from -JAEQLC-.UX . . . i .  , 

1;ThornasE. Morris, Clerk of the. Christian Countyt.Court, do certify .. I 
.a raid county, iri' 
* !  

r--""--"----- 
to _OrbltGasC3, was this day . -  proddiced I-------- ------_. 

&urnen\ .nypcarcd 

hid instrument as 

. .  
to me in my office, with the foregoing c e r t i f i c a t e i . o f  acknowledgement 
thereon endorsed. ! 

Whereupon the same was, this day at o'clock P-?. filed, 
ordered to record. indexed and with the foregoing and this certificate has 
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L u l l  , I  " V ~  + I  h -  

DEPARTMENT OF llIlNE.5 AhD IdlNERALS 
OIL AND GAS DIVISION 
Box 680, Lexington, Ky. 

40501 

Is chc con! owned, opcraccd or l c a s c d  by nny p e r s o n  othcr thnn rhc oil or gns lcssee or Icssor? Y c s O N o  
Coal Owncrs  a n d  Addresses :  

APPLICATION FOR P m w r  TO DRILL, DEEPEN,  R E O P E N  OR PRODUCE A YELL 

I c r m n n c n c  A d d r e s s  

.- same 

J. Ray e( Georgia M. Clark 

Box 208, Crofton, KY 42217 

Address  for mail ing pcrmit 

Owner (Lcsror) 

Address  

1 .ounty Chris t i a n  W e l l  NO. 

N 0. 
25 

Lettcr 
'FEL 12 G 
KKtx SCC. 

650 90 
Carter Coordinatca: 

Ipproxirnate d i s t a n c e  end dircct ion from n c n r ~ i t  rown 
3 miles east  of Crofton, KY - 

i - 
2500' 

Slcvs t ion  543.91 ( T r a n s i t )  Proposed Depth 

T a m e  of J ~ c p c s t  pological formotion to bc t c s t c d  
r h i z  proposcd well is to bc d r i l l c l  for t h c  following purposc: 
Oil D ; G R S  a ; Snlt K'atcr Disposa l  0 ; Secondnry Rccovcry Input 
Undcri;round Stornge 0 ; F'atcr Supply G ; Sunt ig tnphic  Tcsc 

Cnblc o r  Rotary T o o l s  

Devonian 

; Secondary Rccovcry Produccr  : 
: S c r u c t u c  Test 0 

Rotary 

None l e s s  than 1000 ft. 
Dis tnncc  from ncnrcst  producing Gel1 ( i f  Icss thnn 1000 fcct) 

607 ft. 
Dis tnncc  f r o m  ncnrcst  propcrry l i n c  

Kemc of Contrnctor  h d d r c s s  

The undersigned well  operator has scnc a copy of this epplicntion rnd  E copy of the well location plnt by rcgistcrcd or 
ccrr i f ied rns;l to a l l  coal owners  or operators named herein on thc  snme Bnte  chat th i s  npplication was mai led  LO t h e  
DcpJr.ncor. 

E'ill t h i s  well bc dri l led within the area of B gas stomgc field n s  defined by Div is ion  of Oil nnd G n s  Acgulntion? Y e s  0 N a  
If nnswcr  is yes, the undcrsigncd wel l  opcrntcr h n s  scnt B copy of the appl icat ion and a copy of ;he wcll locat ion plat to the 
gas  storage operator  l i s t c d  below on the sarnc d a t e  thnt  this application was mailcd to t hc  Dcyanmcnt .  

~ 

Tie u n d c r s i E n c d  hereby asenre  (or nffirrns) thc  foregoing f a c t s  i n  t h i s  npplicntton ore t rue n s  thcrcio scc forth. 

August A.D. 19 76 
Pay o f .  

7th 
DRICC! t h i s  

Accompany this nppl icnt ion with proper pcnnic fcc  and  one  (1) copy of w e l l  locncion pint. All blnnk:, n u s t  be complcccd- 
I n c ~ m p l c t c  npplicotions will bc rctumcd. 
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O r b i t  Gas Company  
.hurjust 18 ,  1 9 7 6  
PacJc 3 

I L l  -. __.. G LJ-' 

SA I 
Ju ly  1979 

EXCEPTIOXS AND' REQUIREr.!EMTS 

Exception'  '(1) r T h i s  o p i n i o n  is s u b j e c t  t o  any 
easeiaents, defects and rights of part ies  j.n posscssion a su rvcy  
or visual inspec t i -on  of t h e  premises ~ o u l d  disclosc and does 

-. 

. . n o t  cc r t i fy  a g a i n s t  over lapping  s e n i o r  p a t e n t s  OK S U K V C ~ S -  

The f o u r t h  c a l l  of the c u r r e n t  
deed d e s c r i p t i o n  is S 1 0  'z.J 134 poles- Apparent ly  t h i s  should  

A and B, 
,be S 10 E .- 134 polesr whic5  is the c a l l  ye have used i n  E x h i b i t s  

Requi'rem'ent: Affidavit of Adverse Possession 
u s i n g  the correct d e s c r i p t i o n ,  

Exkeption'  ' (2)  : T h i s  op in ion  covers o n l y  t h e  222 
acre tract  d e s c r i b e d  in E x h i b i t  A and ShOkM on E x h i b i t  €3- 

Requirement: Supplemental  t i t l c  e x a m i n a t i o n .  
and op in ion  pr ior  t o  d r i l l i n g  o p e r a t i o n s  on the remain ing  por- 
t i o n s  of t h e  l e a s e ,  

Except ion  ( 3 )  : O n  N o v c m S e r  11, 13G3r D e e d  Book 298, 
page 191, J- R a y  C l a r k  and Georgia  C l a r k ,  h i s  wife, conveyed thc 
Commonwealth of Kentucky, Department of Highways, a s t r i p  30 feet 
o n  ezch s ide  of t h e  proposed c e n t e r l i n e  of t h e  C r o f t o n  Ape>: R o a d ,  
p l u s  addi t iona l  footage a t  p o i n t s  t he reon ,  

Requifement : None - 
Excep t ion  ' ( 4 )  : Master Cornmissioner ' s D e e d s  i n  the 

C h r i s t i a n  County Cour t  C le rk ' s  office zrc indexed i n  the name of 
t h e  grantees o n l y  i n  Commissioner's Deed Books I through 8 and 
in t h e  name of t h e  Master Commissioner and grantee i n  CommissioneE's 
Deed Book 9, t h e r e f o r e  t h i s  op in ion  excep t s  any Hlastcr Cornrniss ioncr  
D e e d s  not disclosed i n  the c h a i n  of t i t l e  upon w h i c h  t h i s  opinion 
is based- 

Re 'gu ' i rement  : None - 
. Except idn  ' ( 5 )  : We found several o l d  05.1 and gas 

leases covering the cap t ioned  tract, t h e  most recent b e i n g ' a  
lease from J, R- Clark and Georgia 1.1. Clark, his wife, t o  Fairy 
D, Yundt, August 4 ,  1964, f o r  a primary term of one  (1) year- 

Requirement: Affidavit of Non-Produc t i o n  - 
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UGR Fi l e  #254 
SA I 
July 1979 

--. 

i 
i-7 i ; I  

i 
1 2  

LAND COVERED : Eoundcd as follows: 
On the N o r t h  by llighway % S O 0  
O n  t h e  E a s t  by Henry XI, King 
O n  t h e  South by Lawson k 7 e s t ,  

Wallace Xing and C .  8, Zentmq; 
On the West'by C. B.'Zentmyer, 
r.7- Craddick - 

C o n t a i n i n g  481 acres, more or- 
less. 

RECORDS EXAMINED 

T h i s  o p i n i o n  i s  based on a personal  cxamfnation of 
t h e  r e l e v a n t  and properly i ndexed  records of C h r i s t i a n  County, 
Kentucky, for a period of over 1 5 6  years, end ing  with the date 
hereoE, and covers l a n d  located i n  Christian County, Kentucky, - 
m o r e  p a r t i c u l a r l y  bounded and  descr ibzd in the following exhibits= 

E x h i h i t A  - Ektes and bounds description and source of 
t i t l e -  . 

Exhibi t  B - Plat of subject t r a c t .  

' OPINION. - 
I n  r e l i a n c e  upon t h e  r e l e v a n t  end properly indexed 

records of C h r i s t i a n  County,  Kentucky, for t h e  period aforesaid, 
subject  to the exceptions and xequirements h e r e i n a f t e r  set o u t  
and any defects a s u r v e y  or visual i n s p e c t i o n  of the premises 
may reveal, we are of t h e  o p i n i o n  t h a t  t h e  title to the subject 
tract is vested as follows: 

SURFACE A h 9  MINEF3iLS 

Georgia 14- Clark and J, Kay 
Clark, her husband, and t h e  
survivor of t h e m  

' ROYALTY INTEmST 

Georgia 14- C l a r k  and J, Ray 
Clark, her husband, and  t h e  
s u r v i v o r  of them 

\<ORKI NG I NTERES T 

O r b i t  Gas Company 
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PHONE 5 0 2  6 0 4 - 0 4 7 1  

August 18, 13'16 

ORBIT GAS COl-lPANY 
711 Leitchfield Road 
Owensboro, Kentucky ' 4 2 3 0 1  

Re: J- Ray C l a r k ,  et UX 

481 A c r c  Lease 
C h r i s t i a n  County, Kentucky 
11 & 124-25 

, -  

t 

Gentlemen: 

Pursuant  t o  your  r e q u e s t ,  we have exam,incd the title 
t o  fhe  l e a s e h o l d  es ta te  c rea t ed  by the followir?g described o i l  
and gas lease: 

LESSORS I 

LESSEES : 

DATE OF LEASE: -- 
RECORDED : 

PRIIUIRY - TERI*I: 

ROYALTY: 

DELAY RENTAL PROVISION: 

DEPOSITORY: 

'SPECIAL PROVISIONS : 

Producers 88  SP- T-0.P-  
R e v .  

3-  Ray Cla rk  and  Ge0rgj .a  
M, Clark ,  his wife 

O r b i t  Gas Company 

December 4, 1975 

December 11, 1975, Lease 
B o o k  2 9 ,  page 5 9 6 ,  C h r i s t i a  
Count;y Court C l e r k  ' s office 

One-eighth (1/3) 

If no well be commenced on 
said l and  w i t h i n  one (1) 
year f r o m  date hereof ,less( 
s h a l l  pay to lessor the sui 

of $3C2-00, or  t h i s  lease 
s h a l l  terminate- 

P l a n t e r s  Bank & Tsus t  
Hopkinsvi l le  , Kentucky 

N o n e .  
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O r b i t  Gas Company 
August 18,  1 9 7 6  
Page 4 I-._ 

UGR File #254 
SA I 
Ju ly  1979 

CONCLUSION 

I n  r e l i a n c e  upon t h e  r e l evan t  and p r o p e r l y  indexed 
records of C h r i s t i a n  County,  Kentucky, f o r  t h e  period aforesaid, 
s u b j e c t  t o  t h e  e x c e p t i o n s  and r e q u i r e m e n t s  hereinabove se t  Out 

. and any defects a s u r v e y  or  visual i n s p e c t i o n  of t h e  premises 
m a y  reveal, we are of t h e  opinion t h a t  t i t l e  t o  t h e  subject 
t r a c t  is vested as hereinabove set o u t -  

V e r y  truly yours,. 

NEAL & NEAL 

. .  

S A N / c l b  

. 
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APPENDIX  I 

This Sect ion contains a n a r r a t i v e  account 

of the Coring Operations 

! i - - ~  c 
i 

, 
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UGR F i l e  #254 
SAI SUT*t4RY. OF CONKG OPERATIOX'S 
July 1979 

ORBIT GAS CCX*l?AiV 

Ray Clark KO. 1 

Christian County, Kentucky 

Prepared by C. S- Dean, Ph.D, 

Geologist, ERDA-IERC 

The folloi&tg sunnary of coring operations f o r  tiiee'Orbit Gas Company 
well Ray Clark No. 1 includes a narrative xco*mt, a generalized descrip- 
tion of The core, and some recoiiedations, 
south of Kentucky rotlte 800, 3% miles due east of the t o m  of CroEton 
in Christian Co*unty, Kentucky- 
permit (no- 311751, is 1 2 4 - 2 5 ,  650' Fhz x 90' FEL (Carter Coordinate 
System]- 
Oxensboro, Ky- on Quebracha,Polymer m d  (Ilextrid) having a weight a€ 
8.9 lbs/gal., a viscosity of 36 sec./qt.; and a t.ater loss of 3.6 ml./min 
over the duration oE a 30 m i n -  test, 
upon reaching core point was 7 7/8 in. Since t h e  outs ide diameter of the 
core b i t  
would bs necessary prior t o  coring. The well was c o r d  under the supervision 
of Christiasen Diamond Tool Canpany. 
diameter. 
s t a d s  at ar, elevation of 548 ft. above sea level. 

The well is located 600 ft. 

The exact location, as stated in the 
, 

The well \gas  dri l led by the Crescent Drilling Company of 

The noninal diameter of the hole 

7 27/32 in., it was assumed that no reaming of the hole 

All logging is relative to :he top OF the kelly table, which 
The core retrieved is 4 in. i n  

h'arrative Account 

Friday, Septmbtr 17, 1976. 

The bERC petroleum enginem- (H. Koerner) and geologist (C-S- Dean) 
arrived a t  the d r i l l  s i te  around 9:30 a.m. 
at 9:OO an, and the dr i l l i ng  fluid was being circulated 5n order to flush 
out any cuttings remaining in the hole, I&- Dmald Benson, President 
of Orbit Gas, who had closely monitored d r i l l i ng  opent ions as core 
point vas c.pprmched, explained the criteria he used to pick the c r c  
point: drilling rate and cuttings- 

Core point  had been reachcd 

. 

In wesTern Kentucky the New Albany Fm- [the narne for the Devonian Black 
Shale in the Illinois Basin) of mper Devonian age is sequentially over- 
lain by the New Providence S h l e  ax€ the Fort Payne Formation both Of 
LQ:\?e.er Blississippian age. The systeqic boundary is placed a t  the Contact 
bztween the  Kew Provickncc Shale a d  the New Albany Formation. Drilling - 

\SQS halzed follording the appearance of limestone within the cut t ings of 
the Herv Providence Shale, 
Limestone, occurs at the base of t he  New Providence Shale, i.e., immediately 
overlying the Kepi Alb,uy Shale. 
brought up cuttings of balck shale. 
of the New Nbany SIialc a t  2175 ft.; d r i l l i n g  ceased a t  2176 ft. 

- 

A -thin interval of limestone, the Rockford. 

Subsequently, c i rculat ing d r i l l i n g  f luicl 
b'r. Bznson placccl the upper contact 

r- . 
I -_ 
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1.k- Beqsen had expected t h e  Roc'kEord Limestone t o  be 20 feet thick instecd 
oE only one foot thick; this m s  the reasan for  drilling three f e e t  
into the shale- 

Tnz d r i l l  string was hauled up and a ring gage s l i p p e d  over the drill 
b2t- The core barrel and 
L?on=l collar orienting apparatus were then assembled by Christiansen 
Technicians and lowsred into the hole under the i r  supervision- 
ft .  a hang up occured; the d,rilling lorn revealed that at this depth 
th-t d r u i n g  contractor had changed drTll bi t s .  
'Ciistiansen gave t he  driller psmission to use the core b i t  t o  ream 
out the obstruction- Reunhg past the obstruction was speedily *and 
easily acconplished; the rem&der of the descent was without h c i d e n t -  
Coring-began at 5150 p-m, (at a depth cf 2178 ft,) 

Ths bit ,  a r e t ip ,  vas badly out of gage- 

A t  928 

Randall Anselment of 

Saturday, Septeiibzr IS, 1976 

I)tucing the  night, at 2215 f t - ,  an incident occurred tha t  resulted in the 
loss of soze 23 feet of core. 
are desigpd t o  catch the core and prevent it frm fa l l ing  back down 
the hole fa i led  t o  grip properly vhen the string was l i f t &  off  the  b o t t m  
in order t o  make a connection- 
barxel slid over the core while the core z a n a k e d  .in place. 
return t r i p  back down to  the  bottom of the hole, the core barrel recap- 
tured most of the core but jamned 21 ft. above the bottom oE the holf-. 
Christensen directed the core. barrel be raised. 

The s l i p s  Iccated within the core b i t  that 

Instead of l i f t i n g  the core, the core 
On the 

A t  7:OO a.m, while on the way out of the hole with the first length of 
core, the s t r ing  jamin& at a depth oE 1675 f t .  It remained j m e d  u n t i l  
2bout mtd zfternoon, when it fjnally pulled f ree  with the  exertion of 
160,080 - i80,OCO 15s- of s t e d y  p d l  03 the string. 
f inally freed the strjng was effected by placing the l i f t i n g  engines jnto 
direct, locked drive, 
t-mt occurred on the way out  of the hole, 
r i g  procedure may have been contributing factors- Once freed the reminder 
of the string .was raised 16th relative ease, 

The core barrel  emerged about'5:30 p-m. D. L. Stevenson of the Illinois 
State Geological Sunrey (ISGS) xemoved the core from the core barrel 
under the supervision of H. Koerner, the MERC petroleum engineer. 
The first length of intact core tas 14 ft. long; rubble comprising 
perhaps an additional 2 ft- a t  the b o t t m  was a l so  recovered. The core 
was broken down in to  manageable lengths, placed into short wooden boxes, 
:ad transferred t o  the Christensen t r a i l e r ,  where it was laid out and 
reassembled, After wiping the  core d o w  with a damp rag, J. A. Lineback 
(ISGS) logged *he geological f e a t u r e s -  
@IFRC) - Subsequently, outgassink smples were reinovccl and canned accord- 
ing to  instructions in Task Order 2102, Finally, thc core was placed 
into cardboard boxes 'qd stowed aboard XSGS vehicles $or sh ip l en t  t o  
ISCS, Mylar bags specified in  the task order m r e  not  available on the 
site - 

The pul l  t h a t  

Excessive m u d  cake ~ K S  blamed f o r  the hang up 
Hole out of gage f a u l t y  

He was assistzd by C. S .  D m n  
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%cause of t h e  dif-Eiculties exporicnccd i n  raising ths first length oE 
core, the  operator reconditioned t h e  hole prit;r t o  the  second coring run; 
reconditioning included drilling up the 21 feet of core los t  i n  the hole- 

Sunday, Septenbsr 19  to  Mofiday, Septembsr 20, 1976. 

The s&ond length of Hew Albany Shale core emerged without incident around 
iiiiclnight- This core measured 59.5 ft. i n  length- Procedures followed 
were identical to those aescribd above. 

hfonday, Septenber 20 to  Tuesday, Septenber 21, 1976. 

The third length of core errerged without incident around midnight, having 
penetrated 11 feet i n t o  the  Sellersburg Limestone, t h e  Middlc Devonian 
linestone d i r e c t l y  underlying the  New Albany Shale. 
2331 f t -  when the b i t  stnsck a layer of chert. 
I.lcmdling and logging procedures were *he same 2s with the first two 
cores. 

Following the  taking oE the  third core t h e  operator returned t o  dr i l l ing;  
b k .  Benson (Orbit Gas) exprcssed the intcnt of going clown 225 t o  250 f e e t  
more before coinpleting. 

Coring c e a d  a t  
This core measured 56 feet. 


